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GASTROINTESTINAL ELECTRICAL THERAPY 

CROSS-REFERENCE TO RELATED APPLICATIONS 

The present application claims priority from: (a) US Provisional Application 
61/300,292, filed February 1, 2010, entitled, "Electrical stimulation for treating 
5 gastroparesis and other conditions," and (b) US Provisional Application 61/406,774, filed 
October 26, 2010, entitled, "Gastric electrical therapy for improving blood glucose level," 
both of which applications are assigned to the assignee of the present application and are 
incorporated herein by reference. 

FIELD OF THE APPLICATION 

10 The present invention relates generally to techniques for electrical stimulation, and 

specifically to apparatus and methods for gastrointestinal stimulation for treating medical 
conditions. 

BACKGROUND OF THE APPLICATION 

Diabetes mellitus includes a cluster of diseases distinguished by chronic 
hyperglycemia that result from the body's failure to produce and/or use insulin, a hormone 
produced by P-cells in the pancreas that plays a vital role in metabolism. Symptoms 
include increased thirst and urination, hunger, weight loss, chronic infections, slow wound 
healing, fatigue, and blurred vision. Diabetes can also comprise abnormzdities of 
carbohydrate, fat, and protein metabolism attributed to the deficient action of insulin on 
target tissues resulting from insulin insensitivity or lack of insulin. 

Type 2 diabetes is the most common form of diabetes, which typically develops as 
a result of a relative, rather than absolute, insulin deficiency, in combination with the 
body's failure to use insulin properly (also known in the art as "insulin resistance"). Type 
2 diabetes often manifests in persons, including children, who are overweight. Other risk 
factors include high cholesterol, high blood pressure, ethnicity, and genetic factors, such 
as a family history of diabetes. The majority of patients with type 2 diabetes are obese, 
and obesity itself may cause or aggravate insulin resistance. 

Gastroparesis is a condition characterized by delayed gastric emptying and 
associated upper gastrointestinal (GI) symptoms. Paresis of the stomach causes food to 
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remain in the stomach for a longer period of time than normal. Diabetic gastroparesis 
affects many patients who suffer from diabetes. 

US Patent 6,600,953 to Flesler et al., which is incorporated herein by reference, 
describes apparatus for treating a condition such as obesity. The apparatus includes a set 
5 of one or more electrodes, which are adapted to be applied to one or more respective sites 
in a vicinity of a body of a stomach of a patient. A control unit is adapted to drive the 
electrode set to apply to the body of the stomach a signal, configured such that application 
thereof increases a level of contraction of muscle tissue of the body of the stomach, and 
decreases a cross-sectional area of a portion of the body of the stomach for a substantially 
10 continuous period greater than about 3 seconds. 

PCT Patent Publication WO 99/03533 to Ben-Haim et aL, entitled, "Smooth 
muscle controller," and US Patent Application 09/481,253 in the national phase thereof, 
both of which are incorporated herein by reference, describe apparatus and methods for 
applying signals to smooth muscle so as to modify the behavior thereof. In particular, 
15 apparatus for controlling the stomach is described in which a controller applies an 
electrical field to electrodes on the stomach wall so as to modify the reaction of muscle 
tissue therein to an activation signal, while not generating a propagating action potential 
in the tissue. 

US Patent 6,571,127 to Ben-Haim et al., which is incorporated herein by 
20 reference, describes methods of increasing contractile force and/or the motility of a GI 
tract. A first method comprises selecting a portion of the GI tract and applying a non- 
excitatory electric field to the portion, which field increases the force of contraction at the 
portion. 

Sanmiguel CP et al., in an article entitled, "Gastric Electrical Stimulation with the 
25 TANTALUS® System in Obese Type 2 Diabetes Patients: Effect on Weight and 
Glycemic Control," J Diabetes Sci Technol 3(4):964-970 (July 2009), which is 
incorporated herein by reference, describes gastric electrical stimulation (GES) using the 
TANTALUS® System, which consists of an implantable pulse generator connected to 
gastric electrodes. The system is designed to automatically detect when eating starts and 
30 only then deliver sessions of gastric electrical stimulation (GES) with electrical pulses that 
are synchronized to the intrinsic antral slow waves. The authors report the effect of this 
type of GES on weight loss and glucose control in fourteen overweight/obese subjects 
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with type 2 diabetes mellitus (T2DM), on oral antidiabetes medication. Gastric electrical 
stimulation was initiated four weeks after implantation. Weight, HbAlc, fasting blood 
glucose, blood pressure, and lipid levels were assessed during the study period. Eleven 
subjects reached the 6-month treatment period endpoint. Gastric electrical stimulation was 
5 well tolerated by all subjects. In those patients completing 6 months of therapy, HbAlc 
was reduced significantly from 8.5 ± 0.7% to 7.6 ± 1%, p < .01. Weight was also 
significantly reduced from 107.7 ± 21.1 to 102.4 + 20.5 kg, p < .01. The improvement in 
glucose control did not correlate with weight loss (R2 = 0.05, p = .44). A significant 
improvement was noted in blood pressure, triglycerides, and cholesterol (low-density 
10 lipoprotein only). The authors conclude that short-term therapy with the TANTALUS 
System improves glucose control, induces weight loss, and improves blood pressure and 
lipids in obese T2DM subjects on oral antidiabetes therapy. 

Sanmiguel CP et al., in an article entitled, "The TANTALUSTM System for 
obesity: effect on gastric emptying of solids and ghrelin plasma levels," Obesity Surgery 

15 17:1503-1509 (2007), which is incorporated herein by reference, describes gastric 
electrical stimulation, using the implantable TANTALUS System, as a treatment for 
obesity. The system is described as delivering nonstimulatory electrical signals 
synchronized with gastric slow waves, resulting in stronger contractions. The study tested 
the effect of GES on gastric emptying of solids and on ghrelin and insulin blood levels in 

20 obese subjects. 

UltraFlex Implantable Gastric Lead data sheet (MetaCure (USA), Orangeburg, 
NY), which is incorporated herein by reference, provides information regarding this lead. 

The following references, all of which are incorporated herein by reference, may 
be of interest: 

25 US Patent 6,3 17,63 1 to Ben-Haim et al. 

US Patent 6,415,178 to Ben-Haim et al. 

US Patent 6,947,792 to Ben-Haim et al, 

US Patent 6,993,391 to Hesler et al. 

US Patent 7,120,497 to Ben-Haim et al. 
30 US Patent 7,2 1 8,963 to Ben-Haim et al. 
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US Patent 7,221,978 to Ben-Haim et al. 
US Patent 7,502,649 to Ben-Haim et al. 

US Patent Application Publication 2002/0161414 to Hesler et al. 

US Patent Application Publication 2003/0055464 to Darvish et al. 
5 US Patent Application Publication 2007/0027493 to Ben-Haim et al. 

US Patent Application Publication 2007/0092446 to Haddad et al. 

US Patent Application Publication 2007/0179556 to Ben-Haim et al. 

US Patent Application Publication 2008/0065168 to Bitton et al. 

US Patent Application Publication 2009/0281449 to Thrower et al. 
10 PCX Publication WO 97/25098 to Ben-Haim et al. 

PCT Publication WO 00/53257 to Darwish et al. 

PCT Publication WO 01/66183 to Darvish et al. 

PCT Publication WO 01/91854 to Harel et al. 

PCT Publication WO 02/053093 to Policker et al. 
1 5 PCT Publication WO 02/082968 to Policker et al. 

PCT Publication WO 03/045493 to Harel et al. 

PCT Publication WO 04/1 12563 to Ben-Haim et al. 

PCT Publication WO 04/1 12883 to Glasberg et al. 

PCT Publication WO 04/02 1 858 to Harel et al. 
20 PCT Publication WO 05/007232 to Ben-Haim et al. 

PCT Publication WO 05/087310 to Harel et al. 

PCT Publication WO 06/018851 to Kliger et al. 

PCT Publication WO 06/087712 to Ben-Haim et al. 

PCT Publication WO 06/102626 to Policker et al. 

25 PCT PubUcation WO 06/129321 to Policker et al. 

PCT Publication WO 07/080595 to Levi et al. 

4 
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PCT Publication WO 08/117296 to Spehr et al. 
PCT Publication WO 08/1 39463 to Policker et al. 

Bohdjalian A et aL, "One-year experience with Tantalus: a new surgical approach 
to treat morbid obesity," Obes Surg. 16(5):627-34 (May 2006) 

5 Bohdjalian A et al., "Improvement in glycemic control in morbidly obese type 2 

diabetic subjects by gastric stimulation," Obes Surg 19(9):1221-7 (Sept 2009) (Epub 2009 
Jul 3) 

SUMMARY OF THE APPLICATION 

In some embodiments of the present invention, gastrointestinal (GI) apparatus is 
10 provided for applying electrical stimulation to a GI tract of a patient. The apparatus 
comprises a set of one or more electrode contact surfaces which are applied to one or 
more sites of the GI tract, such as the stomach, e.g., sites of a fundus of the stomach. A 
control unit drives the electrode set to apply an electrical signal to the stomach that 
improves a blood glucose level of the patient, such as normalizes the level, acutely and/or 
15 chronically (i.e., over an extended period of time, such as at least three months). 
Typically, the apparatus applies the stimulation chronically, i.e., on a long-term basis, 
such as for at least three months. The apparatus is configured to treat a condition of the 
patient, such as diabetes (type 2 or type 1), metabolic syndrome, impaired glucose 
tolerance (IGT), impaired fasting glycemia (IFG), gastroparesis, or another condition or 
20 co-morbidity, such as hypertension and/or hyperlipidemia. This improvement in blood 
glucose level is sometimes accompanied by a reduction in the patient's body weight. 

For some applications, the control unit applies the stimulation (i.e., the therapy) 
continuously, for example at least once every minute throughout a 24-hour period, such as 
at least once every second, or at least several times every second (e.g., at least 10 times 

25 every second) throughout the 24-hour period. For other applications, the control unit 
applies the stimulation (i.e., the therapy) intermittently. For example, the stimulation may 
be applied during a plurality of periods of time, each of which has a duration of at least 
one minute, such as at least one hour, alternating with intermittent reduced-stimulation 
periods (typically non-stimulation periods), e.g., having durations of at least one minute, 

30 such as at least one hour. Optionally, the commencement or cessation of signal 
application may be based on an external or sensed input (e.g., detection of eating). It is 
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noted that during both continuous and intermittent stimulation, the waveform of the signal 
is itself not necessarily continuous. For example, the signal may include multiple bursts 
or pulses. As used in the present application, including in the claims, "eating" is to be 
understood as including eating and/or drinking of solids, liquids, and/or solid/liquid 
5 mixtures, unless specifically otherwise indicated. 

The control unit is typically configured to apply stimulation during at least one 
period each day (i.e., each 24-hour period), such as at least two, three, or ten periods per 
day. For some applications, the control unit is configured to apply the stimulation upon 
detecting eating of the patient (i.e., either solids or liquids), and/or upon detecting eating 

10 of certain types of food (e.g., solid foods, rather than liquid foods, and/or high-caloric 
foods, rather than low- or non-caloric food). Alternatively or additionally, for some 
applications the control unit is configured to modify one or more parameters of the 
stimulation upon detecting eating and/or eating of certain foods. For example, stimulation 
may be inhibited upon detection of eating. The control unit may use techniques for 

15 detecting eating and/or characterizing ingested foods that are described in one or more of 
the patents and/or patent application publications incorporated by reference hereinbelow. 

As used in the present application, including in the claims, "chronically 
improving" a blood glucose level means effecting a reduction in a level of HbAlc, and 
"normalizing" a blood glucose level means reducing the HbAlc level below a threshold 
20 value clinically considered normal, such as below 7%, or below 6%. 

The chronic improvement in blood glucose level may, for example, be mediated 
by (a) reduced insulin resistance, (b) a reduction in fasting glucose levels, (c) a reduction 
in a rise in glucose level in response to eating, (d) a reduction in postprandial glucose 
levels, (e) an improvement in hormone levels, such as hormones related to (e.g., secreted 

25 by) the gastrointestinal system (e.g., insulin levels, ghrelin levels, glucagon levels, 
pancreatic polypeptide levels, and/or glucagon-like peptide- 1 (GLP-1) levels), (f) 
modulation of absorption of nutrients, and/or (g) an effect of the stimulation on food 
ingestion, processing, and/or digestion. As used in the present application, including in 
the claims, the "gastrointestinal system" comprises the stomach (including the fundus and 

30 the antrum), the pancreas, the small intestine (including the duodenum, jejunum, and 
ileum), the large intestine, the liver, and the gall bladder. Application of the signals 
described herein, in accordance with applications of the present invention, may cause 
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some or all of these mediating mechanisms. In addition, the inventors hypothesize that at 
least a portion of the improvement in blood glucose (chronic or acute) caused by 
application of the signal may be mediated by modulation of secretion of ghrelin, which 
generates signals for metabolic balance, and may affect blood pressure. Furthermore, it 
5 has been suggested that ghrelin, which is believed to be secreted by endocrine cells in the 
stomach, may play a role in the etiology of type 2 diabetes (see, for example, Ghigo E et 
al., "Ghrelin: more than a natural GH secretagogue and/or an orexigenic factor," Clinical 
Endocrinology 62(1): 1-17 (January 2005; published online November 17, 2004)). For 
some applications, the electrical signal described herein is configured to modulate 
10 (increase or decrease) ghrelin secretion by the stomach (e.g., by endocrine cells in the 
stomach). 

The chronic improvement in blood glucose level is typically observable within 
three months of commencement of application of the stimulation, such as within 2-3 
months, e.g., within one month or 3 weeks. As is well known in the art, HbAlc reflects 
15 long-term glucose levels over the preceding 6- to 12- week period. 

As used in the present application, including in the claims, "improving" a blood 
glucose level means reducing a level of blood glucose (such as during fasting or eating), 
and/or reducing a rise in glucose level in response to eating. The improvement may 
persist on either on a long-term basis, or on a short-term basis (e.g., on an acute basis). 
20 For some applications, the improvement may occur as a result of short-term application of 
the signal (e.g., for less than 3 months, e.g., less than one week, or less than one hour). 
Alternatively or additionally, for some applications, the improvement may occur as a 
result of longer-term application of the signal, e.g., for at least one month, or chronic 
application of the signal, such as for at least 3 months. 

25 In some applications of the present invention, a method is provided for treating a 

human patient, comprising applying an electrical signal (current and/or voltage) to at least 
one fundic site of the patient, and configuring one or more parameters of the electrical 
signal to improve a blood glucose level of the patient, such as normalize the level, in order 
to treat the patient. For some applications, the method further comprises identifying that 

30 the patient suffers from diabetes (type 2 or type 1, and which may include obesity), or 
metabolic syndrome (which may include obesity), and the electrical signal is applied in 
response to the identifying. Techniques for identifying that a patient suffers from diabetes 
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(type 2 or type 1), metabolic syndrome, and/or obesity (i.e., diagnosing diabetes, 
metabolic syndrome, and/or obesity) are well known in the art, and thus are not described 
herein. Alternatively or additionally, the method further comprises identifjdng that the 
patient might benefit from an improved blood glucose level (e.g., because the patient 
5 suffers from poor blood glucose level control, for example, as indicated by a glucose 
tolerance test and/or elevated HbAlc). The electrical signal is applied in response to the 
identifying. Alternatively or additionally, the method further comprises identifying that 
the patient might experience an improvement in a blood glucose level in response to 
applying the signal, and applying the signal in response to the identifying. Further 
10 alternatively or additionally, the method further comprises identifying that application of 
the electrical signal to the at least one fundic site of the patient might chronically improve 
a blood glucose level of the patient, and applying the signal in response to the identifying. 

For some applications, the electrical signal is configured to chronically improve 
the blood glucose level over a period of at least three months, such as by causing an 
15 improved response to eating, e.g., reduced postprandial glucose levels, and, consequently, 
a reduction in HbAlc of the patient. For some applications, one or more parameters of 
the electrical signal are configured to effect a reduction in HbAlc of at least 0.5 
percentage points (i.e., from x% to (x-0.5)%, e.g., from 7.5% to 7%), such as at least 1 
percentage point, or at least 1.5 percentage points. 

20 Optionally, the method further comprises assessing blood glucose level control by 

measuring the level of HbAlc, either by the GI apparatus, another device in 
communication with the GI apparatus, and/or using conventional laboratory techniques. 
(Optionally, HbAlc is alternatively or additionally expressed as estimated Average 
Glucose (eAG), as recommended by the American Diabetes Association (ADA) and the 

25 American Association for Clinical Chemistry (AACC).) For some applications, blood 
glucose level improvement is assessed by measuring the blood glucose level. 

For some applications, the stimulation techniques described herein are 
alternatively or additionally used to apply electrical stimulation to a non-gastric site of the 
gastrointestinal (GI) tract, such as the duodenum, intestine, colon, and/or esophagus. 

30 In some embodiments of the present invention, gastrointestinal apparatus 

comprises a set of one or more electrodes which are applied to one or more sites of the 
gastrointestinal (GI) tract of a patient, such as the stomach. A control unit drives the 
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electrode set to apply signals to the GI tract, and configures the signals pace peristaltic 
movement of material through the GI tract. The signals include a non-excitatory signal, 
such as an Excitable-Tissue Control (ETC) signal, and in addition, for some applications, 
an excitatory pacing signal. The pacing signal initiates contraction of the muscle of the 
5 GI tract by generating slow waves (propagating action potentials) in the muscle, while the 
non-excitatory signal modulates, e.g., increases, the contraction of the muscle, while not 
generating slow waves in the tissue. For some applications, the non-excitatory signal 
modulates contraction forces induced by the pacing signal, while for other application, the 
non-excitatory signal modulates contraction forces occurring naturally in the GI tract. 

10 For some applications, such stimulation is applied to the stomach, and configured 

to treat gastroparesis (e.g., diabetic, idiopathic, ischemic, or post-operative) by at least one 
of the following: increasing gastric emptying, better controlling the activation cycle, 
causing better electro-mechanical coupling, and causing better contraction force. In 
addition, such stimulation may alleviate symptoms of gastroparesis, such as nausea, 

15 dizziness, and vomiting. Such alleviation may be mediated by increased gastric emptying 
and/or by a neural pathway. 

For some applications, such stimulation is applied to control gastric emptying and 
GI motility for improved metabolic treatment by affecting the time in which food is 
digested in the stomach, and affecting the timing in which food is forwarded for further 
20 processing and absorption in the duodenum and intestine. Such control may treat obesity 
and diabetes (either type 2 or type 1). 

For some applications, such stimulation is applied to treat arrhythmia, diarrhea, or 
symptoms of irritable bowel syndrome. For example, the stimulation may be applied to 
nerve fibers, and/or to the intestine, either on demand, or continuously, or per a pre- 
25 defined schedule, or in response to detection of arrhythmic behavior. 

For some applications, such stimulation is applied to treat symptoms of gastro- 
esophageal reflux disease (GERD) by stimulating the esophagus or the esophageal 
sphincter. 

In the context of the present patent application and in the claims, the use of a non- 
30 excitatory signal to modify the response of one or more cells to electrical activation 
thereof, without inducing action potentials in the cells, is referred to as Excitable-Tissue 
Control (ETC). 



wo 2011/092710 



PCT/IL2011/000116 



Alternatively, the non-excitatory signal comprises the non-excitatory field 
described in the above-mentioned US Patent 6,947,792 to Ben-Haim et al., which is 
configurable to increase or decrease the force of muscle contraction. Further 
alternatively, the non-excitatory signal comprises a fencing signal, which fences the 
5 propagation of activity, such as described in the above-mentioned US Patents 6,415,178 
and 7,218,963 to Ben-Haim et al. Such a reduction in activity may, for example, be used 
to treat arrhythmia, diarrhea, or irritable bowel syndrome. 

There is therefore provided, in accordance with an application of the present 
invention, appeiratus for treating a human patient, the apparatus including: 
10 one or more electrode contact surfaces, which are configured to be applied to a 

fundus of the patient; and 

a control unit, configured to drive the one or more electrode contact surfaces to 
apply an electrical signal to the fundus that chronically improves a blood glucose level of 
the patient, in order to treat the patient, without calculating an impedance of tissue of the 
15 fundus based on a sensed parameter that varies in response to the electrical signal, for 
detecting eating by the patient or a characteristic of food eaten by the patient. 

There is further provided, in accordance with an application of the present 
invention, apparatus for treating a human patient, the apparatus including: 

a set of one or more implantable electrode contact surfaces, configured to be 
20 applied to a fundus of the patient; and 

a control unit, configured to: 

during first and second modes of operation, drive the electrode contact 

surfaces to apply an electrical signal to the fundus that chronically improves a 

blood glucose level of the patient, in order to treat the patient, and 
25 during the first mode of operation, and not during the second mode of 

operation, sense a parameter that varies in response to the applied electrical signal, 

and calculate, based on the sensed parameter, an impedance of tissue of the 

fundus. 

For some applications, the control unit is configured to operate in the second mode 
30 of operation for a greater total amount of time than in the first mode of operation. 



There is still further provided, in accordance with an application of the present 

10 
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invention, apparatus for treating a human patient, the apparatus including: 

a set of one or more implantable electrode contact surfaces, configured to be 
applied to a fundus of the patient; and 
a control unit, configured to: 
5 drive the electrode contact surfaces to apply, during a plurality of signal 

application time periods, an electrical signal to the fundus that chronically 
improves a blood glucose level of the patient, in order to treat the patient, 

sense a parameter that varies in response to the applied electrical signal, 
and calculate, based on the sensed parameter, an impedance of tissue of the 
10 fundus, and 

withhold sensing the parameter for a duration of at least one second 
following at least a portion of the signal application time periods. 

There is additionally provided, in accordance with an application of the present 
invention, apparatus for treating a human patient, the apparatus including: 
15 a set of one or more implantable electrode contact surfaces, configured to be 

applied to a fundus of the patient; and 
a control unit, configured to: 

drive the electrode contact surfaces to apply an electrical signal to the 
fundus that chronically improves a blood glucose level of the patient, in order to 
20 treat the patient, wherein the electrical signal includes a plurality of pulses, and 

during application of less than 50% of the pulses: 

sense a parameter that varies in response to the applied electrical 
signal, and 

calculate, based on the sensed parameter, an impedance of tissue of 
25 the fundus. 

For some applications, the control unit is configured to sense the parameter and 
calculate the impedance during application of less than 10% of the pulses, such as less 
than 2% of the pulses. For some of the applications described above, the control unit is 
configured to configure one or more parameters of the electrical signal responsively to the 
30 calculated impedance. For some applications, the control unit is configured to apply the 
electrical signal in a series of pulses, and to set a duration of the pulses at least in part 
responsively to the calculated impedance. 

11 
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There is yet additionally provided, in accordance with an application of the present 
invention, apparatus for treating a human patient, the apparatus including: 

a set of one or more implantable electrode contact surfaces, configured to be 
applied to a fundus of the patient; and 
5 a control unit, configured to: 

during signal-application periods, drive the electrode contact surfaces to 
apply an electrical signal to the fundus that chronically improves a blood glucose 
level of the patient, in order to treat the patient, and 

provide reduced-signal-application periods, which alternate with the 
10 signal-application periods, and during which the electrode contact surfaces apply 

the electrical signal having an average energy that is less than 20% of the average 
energy of the electrical signal applied during the signal-application periods, 
wherein the control unit is configured to provide one or more reduced-signal- 
application periods during every 24-hour period, each of which reduced-signal-application 
IS periods has a duration of at least 30 minutes. 

For some applications, the reduced-signal-application periods are non-signal- 
application periods, and the control unit is configured to withhold driving the electrode 
contact surfaces to apply the electrical signal during the non-signal-application periods. 
For some applications, the control unit is configured to drive the electrode contact 
20 surfaces, during the signal-application periods, to apply the electrical signal as a plurality 
of pulses alternating with inter-pulse gaps. 

For some applications, the control unit is configured to set a duration of at least 
one of the signal-application periods every 24 hours to be at least 10 minutes. For some 
applications, the control unit is configured to provide the reduced-signal-application 

25 periods in accordance with a predetermined schedule. For some applications, the control 
unit is configured to sense eating by the patient, and to apply the electrical signal during 
the signal-application periods in response to the sensed eating. For some applications, the 
control unit is configured to sense eating by the patient, and to provide the reduced-signal- 
application periods in response to the sensed eating. For some applications, the control 

30 unit is configured to provide the signal-application periods only during a plurality of 
hours during nighttime. For some applications, the control unit is configured to provide 
the signal-application periods only during a plurality of hours during daytime. 
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There is also provided, in accordance with an application of the present invention, 
apparatus for treating a human patient, the apparatus including: 

a set of one or more implantable electrode contact surfaces, configured to be 
applied to a fundus of the patient; and 
5 a control unit, configured to drive the electrode contact surfaces to apply an 

electrical signal to the fundus that chronically improves a blood glucose level of the 
patient, in order to treat the patient, without the control unit applying, or generating a 
signal for applying, any additional glucose-control or weight-control therapy to the 
patient. 

10 For some applications, the apparatus does not include any electrode contact 

surfaces that are configured to be applied to an antrum of the patient. 

There is further provided, in accordance with an application of the present 
invention, apparatus for treating a human patient, the apparatus including: 

a set of one or more implantable electrode contact surfaces, configured to be 
15 applied to a fundus of the patient; and 

a control unit, configured to drive the electrode contact surfaces to apply an 
electrical signal to the fundus that chronically improves a blood glucose level of the 
patient, in order to treat the patient, without calculating an impedance of tissue of the 
fundus based on a sensed parameter that varies in response to the electrical signal. 

There is still further provided, in accordance with an application of the present 
invention, apparatus for treating a human patient, the apparatus including: 

a set of one or more implantable electrode contact surfaces, at least a portion of 
which are configured to be applied to a fundus of the patient; and 

a control unit, configured to drive (a) the one or more electrode contact surfaces 
using no more than 5 J over a 24-hour period, and (b) the portion of the electrode contact 
surfaces to apply an electrical signal to the fundus that chronically improves a blood 
glucose level of the patient, in order to treat the patient. 

For some applications, the control unit is configured to drive the one or more 
electrode contact surfaces using no more than 2 J over the 24-hour period. 

30 There is additionally provided, in accordance with an application of the present 

invention, apparatus for treating a human patient, the apparatus including: 
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a set of one or more implantable electrode contact surfaces, configured to be 
applied to a fundus of the patient; and 

a control unit, configured to drive the electrode contact surfaces to apply an 
electrical signal to the fundus that chronically improves a blood glucose level of the 
5 patient, in order to treat the patient, 

wherein the control unit is sized such that at least one line that passes from edge to 
edge of the control unit through a center of gravity thereof has a length of no more than 2 
cm. 

For example, the length may be no more than 1 cm. 

10 For any of the applications described above, the apparatus may include exactly 

one electrode structure that includes the one or more electrical contact surfaces. For some 
applications, the electrode contact surfaces include exactly one electrode contact surface. 
Alternatively, for some applications, the electrode contact surfaces include exactly two 
electrode contact surfaces. For some applications, the electrode structure further includes 

15 one or more insulated cables. For some applications, the apparatus includes exactly one 
connector, which connects one or more of the insulated cables to the control unit. For 
some applications, the one or more insulated cables include exactly one bifurcated 
insulated cable, having exactly two bifurcated ends and exactly one non-bifurcated end, 
each of the electrode contact surfaces are coupled to one of the bifurcated ends, and the 

20 non-bifurcated end is coupled to the control unit. For some applications, the exactly one 
of the insulated cables includes a plurality of insulated wires. For some applications, the 
one or more insulated cables include exactly one multifurcated insulated cable, having at 
least three multifurcated ends and exactly one non-multifurcated end, each of the 
electrode contact surfaces are coupled to one of the multifurcated ends, and the non~ 

25 multifurcated end is coupled to the control unit. For some applications, the exactly one of 
the insulated cables includes a plurality of insulated wires. For some applications, one 
end of exactly one of the insulated cables is coupled to the control unit. For some 
applications, the exactly one of the insulated cables includes a plurality of insulated wires. 

For some applications, the electrode structure includes a corkscrew-shaped 
30 electrode mount, which is configured to be implanted in a wall of the fundus, and which 
includes the one or more electrode contact surfaces, at respective sites of the electrode 
mount. For some applications, the electrode structure includes one or more wireless 



14 



wo 2011/092710 



PCT/IL2011/000116 



microstimulators. For some applications, the electrode structure includes exactly one 
wireless microstimulator. For some applications, the electrode structure is at least 
partially flexible. 

For some applications, the one or more electrode contact surfaces include a 
5 plurality of electrode contact surfaces, and the electrode structure is configured to 
constrain motion of the electrode contact surfaces so as to define a greatest possible 
distance between closest respective portions of any two of the electrode contact surfaces, 
which distance is no more than 10 cm. 

For any of the applications described above, the control unit may be configured to 
10 configure the electrical signal such that the signal, if applied to an antrum of the patient, 
would not effect an improvement in a blood glucose level of the patient. For any of the 
applications described above, the apparatus may be configured to be implantable in the 
patient for long-term application of the electrical signal. For any of the applications 
described above, the electrode contact surfaces may be configured to be applied in 
15 physical contact with muscle tissue of the fundus. For some applications, the electrode 
contact surfaces are configured to be positioned within the muscle tissue. For any of the 
applications described above, the apparatus may be configured to treat diabetes of the 
patient, such as type 2 diabetes of the patient. For any of the applications described 
above, the apparatus may be configured to treat metabolic syndrome of the patient. For 
20 any of the applications described above, the control unit may be configured to configure 
one or more parameters of the electrical signal to cause a reduction in a fasting glucose 
blood level of the patient. For any of the applications described above, the control unit 
may be configured to configure one or more parameters of the electrical signal to cause a 
reduction in postprandial glucose level of the patient. 

25 For any of the applications described above, the control unit may be configured to 

configure one or more parameters of the electrical signal to cause an improvement in a 
level at least one hormone selected from the group consisting of: at least one hormone 
associated with glycemic control, and at least one hormone associated with a metabolic 
disorder. For some applications, the improvement in the level of the at least one hormone 

30 includes a normalization of at least one element selected from the group consisting of: 
secretion of the at least one hormone, expression of the at least one hormone, and a blood 
level of the at least one hormone. For some applications, the hormone is associated with 
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the glycemic control. For some applications, the hormone is associated with the 
metabolic disorder. For some applications, the control unit is configured to configure the 
one or more parameters of the electrical signal to simultaneously cause the improvement 
in levels of a plurality of hormones. For some applications, the at least one hormone is 
5 secreted by a stomach of the patient, such as by the fundus, or by an antrum of the 
stomach. For some applications, the at least one hormone is secreted by a duodenum of 
the patient. For some applications, the at least one hormone is secreted by a pancreas of 
the patient. 

For some applications, the improvement is an improvement in a postprandial level 
10 of the at least one hormone. Alternatively or additionally, the improvement is an 
improvement in a fasting level of the at least one hormone. 

For some applications, the improvement includes an improvement (e.g., an 
increase) in a postprandial level of insulin. For some applications, the improvement 
includes an improvement (e.g., a decrease) in a postprandial level of ghrelin. For some 

15 applications, the improvement includes an improvement (e.g., a decrease) in a fasting 
level of ghrelin. For some applications, the improvement includes an improvement (e.g., 
a decrease) in a postprandial level of glucagon. For some applications, the improvement 
includes an improvement (e.g., an increase) in a postprandial level of pancreatic 
polypeptide. For some applications, the improvement includes an improvement (e.g., an 

20 increase) in a fasting level of pancreatic polypeptide. For some applications, the 
improvement includes an improvement (e.g., an increase) in a postprandial level of 
glucagon-like peptide- 1 (GLP-1). 

For any of the applications described above, the control unit may be configured to 
configure one or more parameters of the electrical signal to cause an improvement (e.g., 
25 an increase) in a postprandial level of C-peptide. 

For any of the applications described above, the control unit may be configured to 
configure one or more parameters of the electrical signal to not cause hypoglycemia of the 
patient. For some applications, the control unit is configured to configure the one or more 
parameters of the signal to not cause the hypoglycemia, without measuring the blood 
30 glucose level of the patient. 

For any of the applications described above, the control unit may be configured to 
apply the signal in a series of pulses having an energy per pulse of no more than 5 
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microjoules. For any of the applications described above, the control unit may be 
configured to apply the signal in a series of pulses having an average energy per pulse of 
no more than 5 microjoules. For any of the applications described above, the control unit 
may be configured to apply the signal having an instantaneous power of no more than 100 
5 milliwatts. For any of the applications described above, the control unit may be 
configured to apply the signal in a series of pulses, at least one of which pulses has a 
duration of between 2 microseconds and 5 milliseconds. For any of the applications 
described above, the control unit may be configured to apply the signal in a series of 
pulses, at least one of which pulses has an amplitude of between 5 mA and 35 mA. 

10 There is yet additionally provided, in accordance with an application of the present 

invention, a method for treating a human patient, including: 

implanting one or more electrode contact surfaces in contact with a fundus of the 

patient; 

providing a control unit coupled to the electrode contact surfaces; and 
15 activating the control unit to drive the electrode contact surfaces to apply an 

electrical signal to at least one fundic site of the patient that chronically improves a blood 
glucose level of the patient, in order to treat the patient, without calculating an impedance 
of tissue of the fundus based on a sensed parameter that varies in response to the electrical 
signal, for sensing eating by the patient or a characteristic of food eaten by the patient. 

20 For some applications, activating includes configuring the control unit to apply the 

signal to the at least one fundic site at least intermittently during a period having a 
duration of at least one week, without applying any electrical signals to any antral sites of 
the patient during the period. 

There is also provided, in accordance with an application of the present invention, 
25 a method for treating a human patient, including: 

endoscopically making one or more incisions through a fundic wall of the patient; 
via exactly one of the one or more incisions, implanting one or more electrode 
contact surfaces in contact with a fundus of the patient; 

providing a control unit coupled to the electrode contact surfaces; and 
30 activating the control unit to drive the electrode contact surfaces to apply an 

electrical signal to at least one fundic site of the patient that chronically improves a blood 
glucose level of the patient, in order to treat the patient. 
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For some applications, providing the control unit includes implanting the control 
uiiit in a body of the patient via the exactly one of the one or more incisions. For some 
applications, providing the control unit includes providing the control unit sized such that 
at least one line that passes from edge to edge of the control unit through the center of 
5 gravity thereof has a length of no more than 2 cm, such as no more than 1 cm. For some 
applications, making the one or more incisions and implanting include making the one or 
more incisions and implanting during a surgical implantation procedure having a duration 
of no more than 45 minutes. 

There is further provided, in accordance with an application of the present 
10 invention, a method for treating a human patient, including: 

identifying that application of an electrical signal to at least one fundic site of the 
patient might chronically improve a blood glucose level of the patient; and 
in response to identifying: 

implanting one or more electrode contact surfaces in contact with a fundus 
15 of the patient; 

providing a control unit coupled to the electrode contact surfaces; and 
activating the control unit to drive the electrode contact surfaces to apply 
the electrical signal to the at least one fundic site of the patient that chronically 
improves the blood glucose level of the patient, in order to treat the patient. 

20 There is still further provided, in accordance with an application of the present 

invention, a method for treating a human patient, including: 

identifying that the patient might experience a chronic improvement in a blood 
glucose level in response to application of an electrical signal to at least one fundic site of 
the patient; 
25 in response to identifying: 

implanting one or more electrode contact surfaces in contact with a fundus 
of the patient; 

providing a control unit coupled to the electrode contact surfaces; and 
activating the control unit to drive the electrode contact surfaces to apply 
30 the electrical signal to the at least one fundic site of the patient that chronically 

improves the blood glucose level of the patient, in order to treat the patient. 
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There is additionally provided, in accordance with an application of the present 
invention, a method for treating a human patient, including: 

implanting one or more electrode contact surfaces in contact with a fundus of the 

patient; 

5 providing a control unit coupled to the electrode contact surfaces; and 

activating the control unit to: 

during first and second modes of operation, drive the electrode contact 
surfaces to apply an electrical signal to at least one fiindic site of the patient, and 
configuring one or more parameters of the electrical signal to chronically improve 
10 a blood glucose level of the patient, in order to treat the patient, and 

during the first mode, and not during the second mode, sense a parameter 
that varies in response to the applied electrical signal, and calculate, based on the 
sensed parameter, an impedance of tissue of the fundus. 

There is yet additionally provided, in accordance with an application of the present 
15 invention, a method for treating a human patient, including: 

implanting one or more electrode contact surfaces in contact with a fundus of the 

patient; 

providing a control unit coupled to the electrode contact surfaces; and 
activating the control unit to: 
20 drive the electrode contact surfaces to apply, during a plurality of signal 

application time periods, an electrical signal to at least one fundic site of the 
patient that chronically improves a blood glucose level of the patient, in order to 
treat the patient, 

sense a parameter that varies in response to the applied electrical signal, 
25 and calculate, based on the sensed parameter, an impedance of tissue of the 

fundus, and 

withhold sensing the parameter for a duration of at least one second 
following at least a portion of the signal application time periods. 

There is also provided, in accordance with an application of the present invention, 
30 a method for treating a human patient, including: 

implanting one or more electrode contact surfaces in contact with a fundus of the 

patient; 
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providing a control unit coupled to the electrode contact surfaces; and 
activating the control unit to: 

drive the electrode contact surfaces to apply an electrical signal to at least 
one fiindic site of the patient, which electrical signal includes a plurality of pulses, 
5 and configure one or more parameters of the electrical signal to chronically 

improve a blood glucose level of the patient, in order to treat the patient, and 

during application of less than 50% of the pulses, sense a parameter that 
varies in response to the applied electrical signal, and calculate, based on the 
sensed parameter, an impedance of tissue of the fundus. 

10 For some applications, activating includes configuring the control unit to sense the 

parameter and calculate during application of less than 10% of the pulses, such as less 
than 2% of the pulses. 

For some applications, activating includes configuring the control unit to 
configure the one or more parameters of the electrical signal responsively to the 
15 calculated impedance. For some applications, activating includes configuring the control 
unit to apply the electrical signal in a series of pulses, and to set a duration of the pulses at 
least in part responsively to the calculated impedance. 

There is further provided, in accordance with an application of the present 
invention, a method for treating a human patient, including: 
20 implanting one or more electrode contact surfaces in contact with a fundus of the 

patient; 

providing a control unit coupled to the electrode contact surfaces; and 

activating the control unit to: 

during signal-application periods, drive the electrode contact surfaces to 
25 apply an electrical signal to at least one fundic site of the patient that chronically 

improves a blood glucose level of the patient, in order to treat the patient, and 

provide reduced-signal-application periods, which alternate with the 

signal-application periods, and during which the electrode contact surfaces apply 

the electrical signal having an average energy current that is less than 20% of the 
30 average energy of the electrical signal applied during the signal-application 

periods, 

wherein the control unit provides one or more reduced-signal-applications 

20 



wo 2011/092710 



PCT/IL2011/000116 



periods during every 24-hour period, each of which reduced-signal-application 
periods has a duration of at least 30 minutes. 

For some applications, the reduced-signal-application periods are non-signal- 
application periods, and wherein activating includes configuring the control unit to 
5 withhold applying the electrical signal during the non-signal-application periods. For 
some applications, activating includes configuring the control unit to apply the electrical 
signal as a plurality of pulses alternating with inter-pulse gaps. For some applications, 
activating includes configuring the control unit to set a duration of at least one of the 
signal-application periods every 24 hours to be at least 10 minutes. For some 

10 applications, activating includes configuring the control unit to provide the reduced- 
signal-application periods in accordance with a predetermined schedule. For some 
applications, activating includes configuring the control unit to sense eating by the patient, 
and to apply the electrical signal in response to the sensed eating. For some applications, 
activating includes configuring the control unit to sense eating by the patient, and to 

15 provide the reduced-signal-application periods in response to the sensed eating. For some 
applications, activating includes configuring the control unit to provide the signal- 
application periods only during a plurality of hours during nighttime. For some 
applications, activating includes configuring the control unit to provide the signal- 
application periods only during a plurality of hours during daytime. 

20 There is still further provided, in accordance with an application of the present 

invention, a method for treating a human patient, including: 

implanting one or more electrode contact surfaces in contact with a fundus of the 

patient; 

providing a control unit coupled to the electrode contact surfaces; and 
25 activating the control unit to drive the electrode contact surfaces to apply an 

electrical signal to at least one fundic site of the patient that chronically improves a blood 
glucose level of the patient, in order to treat the patient, without the control unit applying, 
or generating a signal for applying, any additional glucose-control or weight-control 
therapy to the patient. 

30 For some applications, the method does not include activating the control unit to 

apply any electrical signals to an antrum of the patient. 
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There is additionally provided, in accordance with an application of the present 
invention, a method for treating a human patient, including: 

implanting one or more electrode contact surfaces in contact with a fundus of the 

patient; 

5 providing a control unit coupled to the electrode contact surfaces; and 

activating the control unit to: 

drive the electrode contact surfaces to apply an electrical signal to at least 
one fundic site of the patient, without calculating an impedance of tissue of the 
fundus based on a sensed parameter that varies in response to the electrical signal, 
10 and 

configure one or more parameters of the electrical signal to chronically 
improve a blood glucose level of the patient, in order to treat the patient. 

There is yet additionally provided, in accordance with an application of the present 
invention, a method for treating a human patient, including: 
15 implanting one or more electrode contact surfaces such that at least a portion of 

the electrode contact surfaces are in contact with a fundus of the patient; 

providing a control unit coupled to the electrode contact surfaces; and 
activating the control unit to drive (a) the one or more electrode contact surfaces 
using no more than 5 J over a 24-hour period, and (b) the portion of the electrode contact 
20 surfaces to apply an electrical signal to the fundus that chronically improves a blood 
glucose level of the patient, in order to treat the patient. 

For some applications, activating includes activating the control unit to drive the 
one or more electrode contact surfaces using no more than 2 J over the 24-hour period. 
For any of the applications described above, implanting the one or more electrode contact 

25 surfaces may include implanting exactly one implantable electrode structure that includes 
the one or more electrode contact surfaces. For any of the applications described above, 
activating may include configuring the control unit to configure the electrical signal such 
that the signal, if applied to an antrum of the patient, would not effect an improvement in 
a blood glucose level of the patient. For any of the applications described above, 

30 implanting the one or more electrode contact surfaces may include implanting the one or 
more electrode contact surfaces in physical contact with muscle tissue of the fundic site. 
For any of the applications described above, implanting the one more electrode contact 
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surfaces may include positioning the one or more electrode contact surfaces within the 
muscle tissue. 

For any of the applications described above, implanting the electrode contact 
surfaces and activating the control unit may include identifying that the patient suffers 
5 from diabetes, such as type 2 diabetes, and implanting and activating in response to the 
identifying. For any of the applications described above, implanting the electrode contact 
surfaces and activating the control unit may include identifying that the patient suffers 
from metabolic syndrome, and implanting and activating in response to the identifying. 

For any of the applications described above, implanting the electrode contact 
10 surfaces and activating the control unit may include identifying that the patient might 
benefit from improved blood glucose level control, and implanting and activating in 
response to the identifying. For any of the applications described above, implanting the 
electrode contact surfaces and activating the control unit may include identifying that the 
patient might experience an improvement in the blood glucose level in response to 
15 applying the signal, and implanting and activating in response to identifying. 

For any of the applications described above, activating may include configuring 
one or more parameters of the electrical signal to cause a reduction in a fasting glucose 
blood level of the patient. For any of the applications described above, activating may 
include configuring one or more parameters of the electrical signal to cause a reduction in 
20 postprandial glucose level of the patient. 

For any of the applications described above, activating may include configuring 
one or more parameters of the electrical signal to cause an improvement in a level at least 
one hormone selected from the group consisting of: at least one hormone associated with 
glycemic control, and at least one hormone associated with a metabolic disorder. For 

25 some applications, the method further includes assessing the level of the at least one 
hormone after activating the control unit. For some applications, the improvement in the 
level of the at least one hormone includes a normalization of at least one element selected 
from the group consisting of: secretion of the at least one hormone, expression of the at 
least one hormone, and a blood level of the at least one hormone. For some applications, 

30 the hormone is associated with the glycemic control. Alternatively or additionally, the 
hormone is associated with the metabolic disorder. For some applications, configuring 
includes configuring the one or more parameters of the electrical signal to simultaneously 
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cause the improvement in levels of a plurality of hormones. For some applications, the at 
least one hormone is secreted by a stomach of the patient. For some applications, the at 
least one hormone is secreted by the fundus. For some applications, the at least one 
hormone is secreted by an antrum of the stomach. For some applications, the at least one 
5 hormone is secreted by a duodenum of the patient. For some applications, the at least one 
hormone is secreted by a pancreas of the patient. 

For some applications, the improvement includes an improvemient (e.g., an 
increase) in a postprandial level of insulin. For some applications, the improvement 
includes an improvement (e.g., a decrease) in a postprandial level of ghrelin. For some 

10 applications, the improvement includes an improvement (e.g., a decrease) in a fasting 
level of ghrelin. For some applications, the improvement includes an improvement (e.g., 
a decrease) in a postprandial level of glucagon. For some applications, the improvement 
includes an improvement (e.g., an increase) in a postprandial level of pancreatic 
polypeptide. For some applications, the improvement includes an improvement (e.g., an 

15 increase) in a fasting level of pancreatic polypeptide. For some applications, the 
improvement includes an improvement (e.g., an increase) in a postprandial level of 
glucagon-like peptide- 1 (GLP-1). 

For any of the applications described above, activating may include configuring 
one or more parameters of the electrical signal to cause an improvement (e.g., an increase) 
20 in a postprandial level of C-peptide. For some applications, the method further includes 
assessing the level of C-peptide after activating the control unit. 

For any of the applications described above, implanting the electrode contact 
surfaces and activating the control unit may include identifying that the patient might 
experience an improvement in a level at least one hormone in response to applying the 

25 signal, and implanting and activating in response to identifying, and the at least one 
hormone is selected from the group consisting of: at least one hormone associated with 
glycemic control, and at least one hormone associated with a metabolic disorder. For 
some applications, the improvement in the level of the at least one hormone includes a 
normalization of at least one element selected from the group consisting of: secretion of 

30 the at least one hormone, expression of the at least one hormone, and a blood level of the 
at least one hormone. For some applications, the at least one hormone is associated with 
the glycemic control. Alternatively or additionally, the at least one hormone is associated 
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with the metabolic disorder. For some applications, the improvement is a simultaneous 
improvement in levels of a plurality of hormones. For some applications, the at least one 
hormone is secreted by a stomach of the patient. For some applications, the at least one 
hormone is secreted by the fundus. For some applications, the at least one hormone is 
5 secreted by an antrum of the stomach. For some applications, the at least one hormone is 
secreted by a duodenum of the patient. For some applications, the at least one hormone is 
secreted by a pancreas of the patient. 

For some applications, the improvement includes an improvement (e.g., an 
increase) in a postprandial level of insulin. For some applications, the improvement 

10 includes an improvement (e.g., a decrease) in a postprandial level of ghrelin. For some 
applications, the improvement includes an improvement (e.g., a decrease) in a fasting 
level of ghrelin. For some applications, the improvement includes an improvement (e.g., 
a decrease) in a postprandial level of glucagon. For some applications, the improvement 
includes an improvement (e.g., an increase) in a postprandial level of pancreatic 

15 polypeptide. For some applications, the improvement includes an improvement (e.g., an 
increase) in a fasting level of pancreatic polyjpeptide. For some applications, the 
improvement includes an improvement (e.g., an increase) in a postprandial level of 
glucagon-like peptide- 1 (GLP-1). 

For any of the applications described above, implanting the electrode contact 
20 surfaces and activating the control unit may include identifying that the patient might 
experience an improvement (e.g., an increase) in a postprandial level of C-peptide in 
response to applying the signal, and implanting and activating in response to identifying. 

For any of the applications described above, the method may further include 
assessing blood glucose level control by measuring a level of HbAlc of the patient after 
25 activating the control unit. For any of the applications described above, the method may 
further include assessing blood glucose level improvement by measuring the blood 
glucose level after activating the control unit. 

For any of the applications described above, activating may include configuring 
one or more parameters of the electrical signal to not cause hypoglycemia of the patient. 
30 For some appUcations, configuring the one or more parameters of the electrical signal to 
not cause the hypoglycemia does not include measuring the blood glucose level of the 
patient. 



wo 2011/092710 



PCT/IL2011/000116 



For any of the applications described above, activating may include configuring 
the control unit to apply the signal in a series of pulses having an energy per pulse of no 
more than 5 microjoules. For any of the applications described above, activating may 
include configuring the control unit to apply the signal in a series of pulses having an 
5 average energy per pulse of no more than 5 microjoules. For any of the applications 
described above, activating may include configuring the control unit to apply the signal 
having an instantaneous power of no more than 100 milliwatts. For any of the 
applications described above, activating may include configuring the control unit to apply 
the signal in a series of pulses, at least one of which pulses has a duration of between 2 
10 microseconds and 5 milliseconds. For any of the applications described above, activating 
may include configuring the control unit to apply the signal in a series of pulses, at least 
one of which pulses has an amplitude of between 5 mA and 35 mA. For any of the 
applications described above, the activating may include configuring the control unit to 
apply the signal for at least three months. 

15 There is also provided, in accordance with an application of the present invention, 

apparatus for treating a human patient, the apparatus including: 

one or more electrode contact surfaces, which are configured to be applied to a 
fundus of the patient; and 

a control unit, configured to drive the electrode contact surfaces to apply an 
20 electrical signal to the fundus that improves a blood glucose level of the patient, in order 
to treat the patient, without calculating an impedance of tissue of the fundus based on a 
sensed parameter that varies in response to the electrical signal, for detecting eating by the 
patient or a characteristic of food eaten by the patient. 

There is further provided, in accordance with an application of the present 
25 invention, apparatus for treating a human patient, the apparatus including: 

a set of one or more implantable electrode contact surfaces, configured to be 
applied to a fundus of the patient; and 
a control unit, configured to: 

during first and second modes of operation, drive the electrode contact 
30 surfaces to apply an electrical signal to the fundus that improves a blood glucose 

level of the patient, in order to treat the patient, and 

during the first mode of operation, and not during the second mode of 
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operation, sense a parameter that varies in response to the applied electrical signal, 
and calculate, based on the sensed parameter, an impedance of tissue of the 
fundus. 

There is still further provided, in accordance with an application of the present 
5 invention, apparatus for treating a human patient, the apparatus including: 

a set of one or more implantable electrode contact surfaces, configured to be 
applied to a fundus of the patient; and 
a control unit, configured to: 

drive the electrode contact surfaces to apply, during a plurality of signal 
10 application time periods, an electrical signal to the fundus that improves a blood 

glucose level of the patient, in order to treat the patient, 

sense a parameter that varies in response to the applied electrical signal, 
and calculate, based on the sensed parameter, an impedance of tissue of the 
fundus, and 

15 withhold sensing the parameter for a duration of at least one second 

following at least a portion of the signal application time periods. 

There is additionally provided, in accordance with an application of the present 
invention, apparatus for treating a human patient, the apparatus including: 

a set of one or more implantable electrode contact surfaces, configured to be 
20 applied to a fundus of the patient; and 
a control unit, configured to: 

drive the electrode contact surfaces to apply an electrical signal to the 
fundus that improves a blood glucose level of the patient, in order to treat the 
patient, wherein the electrical signal includes a plurality of pulses, and 
25 during application of less than 50% of the pulses: 

sense a parameter that varies in response to the applied electrical 
signal, and 

calculate, based on the sensed parameter, an impedance of tissue of 
the fundus. 

30 There is yet additionally provided, in accordance with an application of the present 

invention, apparatus for treating a human patient, the apparatus including: 
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a set of one or more implantable electrode contact surfaces, configured to be 
applied to a fundus of the patient; and 
a control unit, configured to: 

during signal-application periods, drive the electrode contact surfaces to 
5 apply an electrical signal to the fundus that improves a blood glucose level of the 

patient, in order to treat the patient, and 

provide reduced-signal-application periods, which alternate with the 
signal-application periods, and during which the electrode contact surfaces apply 
the electrical signal having an average energy that is less than 20% of the average 
10 energy of the electrical signal applied during the signal-application periods, 

wherein the control unit is configured to provide one or more reduced-signal- 
application periods during every 24-hour period, each of which reduced-signal-application 
periods has a duration of at least 30 minutes. 

There is also provided, in accordance with an application of the present invention, 
15 apparatus for treating a human patient, the apparatus including: 

a set of one or more implantable electrode contact surfaces, configured to be 
applied to a fundus of the patient; and 

a control unit, configured to drive the electrode contact surfaces to apply an 
electrical signal to the fundus that improves a blood glucose level of the patient, in order 
20 to treat the patient, without the control unit applying, or generating a signal for applying, 
any additional glucose-control or weight-control therapy to the patient. 

There is further provided, in accordance with an application of the present 
invention, apparatus for treating a human patient, the apparatus including: 

a set of one or more implantable electrode contact surfaces, configured to be 
25 applied to a fundus of the patient; and 

a control unit, configured to drive the electrode contact surfaces to apply an 
electrical signal to the fundus that improves a blood glucose level of the patient, in order 
to treat the patient, without calculating an impedance of tissue of the fundus based on a 
sensed parameter that varies in response to the electrical signal. 

30 There is still further provided, in accordance with an application of the present 

invention, apparatus for treating a human patient, the apparatus including: 
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a set of one or more implantable electrode contact surfaces, at least a portion of 
which are configured to be applied to a fundus of the patient; and . 

a control unit, configured to drive (a) the one or more electrode contact surfaces 
using no more than 5 J over a 24-hour period, and ft)) the portion of the electrode contact 
5 surfaces to apply an electrical signal to the fundus that improves a blood glucose level of 
the patient, in order to treat the patient. 

There is additionally provided, in accordance with an application of the present 
invention, apparatus for treating a human patient, the apparatus including: 

a set of one or more implantable electrode contact surfaces, configured to be 
10 applied to a fundus of the patient; and 

a control unit, configured to drive the electrode contact surfaces to apply an 
electrical signal to the fundus that improves a blood glucose level of the patient, in order 
to treat the patient, 

wherein the control unit is sized such that at least one line that passes from edge to 
15 edge of the control unit through a center of gravity thereof has a length of no more than 2 
cm. 

There is yet additionally provided, in accordance with an application of the present 
invention, a method for treating a human patient, including: 

implanting one or more electrode contact surfaces in contact with a fundus of the 

20 patient; 

providing a control unit coupled to the electrode contact surfaces; and 
activating the control unit to drive the electrode contact surfaces to apply an 
electrical signal to at least one fundic site of the patient that improves a blood glucose 
level of the patient, in order to treat the patient, without calculating an impedance of tissue 
25 of the fundus based on a sensed parameter that varies in response to the electrical signal, 
for sensing eating by the patient or a characteristic of food eaten by the patient. 

There is also provided, in accordance with an application of the present invention, 
a method for treating a human patient, including: 

endoscopically making one or more incisions through a fundic wall of the patient; 
30 via exactly one of the one or more incisions, implanting one or more electrode 

contact surfaces in contact with a fundus of the patient; 
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providing a control unit coupled to the electrode contact surfaces; and 

activating the control unit to drive the electrode contact surfaces to apply an 

electrical signal to at least one firndic site of the patient that improves a blood glucose 

level of the patient, in order to treat the patient. 

5 There is further provided, in accordance with an application of the present 

invention, a method for treating a human patient, including: 

identifying that application of an electrical signal to at least one fundic site of the 
patient might improve a blood glucose level of the patient; and 
in response to identifying: 
10 implanting one or more electrode contact surfaces in contact with a fundus 

of the patient; 

providing a control unit coupled to the electrode contact surfaces; and 
activating the control unit to drive the electrode contact surfaces to apply 
the electrical signal to the at least one fundic site of the patient that improves the 
15 blood glucose level of the patient, in order to treat the patient. 

There is still further provided, in accordance with an application of the present 
invention, a method for treating a human patient, including: 

identifying that the patient might experience a chronic improvement in a blood 
glucose level in response to application of an electrical signal to at least one fundic site of 
20 the patient; 

in response to identifying: 

implanting one or more electrode contact surfaces in contact with a fundus 
of the patient; 

providing a control unit coupled to the electrode contact surfaces; and 
25 activating the control unit to drive the electrode contact surfaces to apply 

the electrical signal to the at least one fundic site of the patient that improves the 
blood glucose level of the patient, in order to treat the patient. 

There is additionally provided, in accordance with an application of the present 
invention, a method for treating a human patient, including: 
30 implanting one or more electrode contact surfaces in contact with a fundus of the 

patient; 
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providing a control unit coupled to the electrode contact surfaces; and 
activating the control unit to: 

during first and second modes of operation, drive the electrode contact 
surfaces to apply an electrical signal to at least one fundic site of the patient, and 
5 configuring one or more parameters of the electrical signal to improve a blood 

glucose level of the patient, in order to treat the patient, and 

during the first mode, and not during the second mode, sense a parameter 
that varies in response to the applied electrical signal, and calculate, based on the 
sensed parameter, an impedance of tissue of the fundus. 

10 There is yet additionally provided, in accordance with an application of the present 

invention, a method for treating a human patient, including: 

implanting one or more electrode contact surfaces in contact with a fundus of the 

patient; 

providing a control unit coupled to the electrode contact surfaces; and 
15 activating the control unit to: 

drive the electrode contact surfaces to apply, during a plurality of signal 
application time periods, an electrical signal to at least one fundic site of the 
patient that improves a blood glucose level of the patient, in order to treat the 
patient, 

20 sense a parameter that varies in response to the applied electrical signal, 

and calculate, based on the sensed parameter, an impedance of tissue of the 
fundus, and 

withhold sensing the parameter for a duration of at least one second 
following at least a portion of the signal application time periods. 

25 There is also provided, in accordance with an application of the present invention, 

a method for treating a human patient, including: 

implanting one or more electrode contact surfaces in contact with a fundus of the 

patient; 

providing a control unit coupled to the electrode contact surfaces; and 
30 activating the control unit to: 

drive the electrode contact surfaces to apply an electrical signal to at least 
one fundic site of the patient, which electrical signal includes a plurality of pulses, 
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and configure one or more parameters of the electrical signal to improve a blood 
glucose level of the patient, in order to treat the patient, and 

during application of less than 50% of the pulses, sense a parameter that 
varies in response to the applied electrical signal, and calculate, based on the 
5 sensed parameter, an impedance of tissue of the fundus. 

There is further provided, in accordance with an application of the present 
invention, a method for treating a human patient, including: 

implanting one or more electrode contact surfaces in contact with a fundus of the 

patient; 

10 providing a control unit coupled to the electrode contact surfaces; and 

activating the control unit to: 

during signal-application periods, drive the electrode contact surfaces to 
apply an electrical signal to at least one fundic site of the patient that improves a 
blood glucose level of the patient, in order to treat the patient, and 
15 provide reduced-signal-application periods, which alternate with the 

signal-application periods, and during which the electrode contact surfaces apply 
the electrical signal having an average energy that is less than 20% of the current 
of the electrical signal applied during the signal-application periods, 

wherein the control unit provides one or more reduced-signal-application 
20 periods during every 24-hour period, each of which reduced-signal-application 

periods has a duration of at least 30 minutes. 

There is still further provided, in accordance with an application of the present 
invention, a method for treating a human patient, including: 

implanting one or more electrode contact surfaces in contact with a fundus of the 

patient; 

providing a control unit coupled to the electrode contact surfaces; and 
activating the control unit to drive the electrode contact surfaces to apply an 
electrical signal to at least one fundic site of the patient that improves a blood glucose 
level of the patient, in order to treat the patient, without the control unit applying, or 
generating a signal for applying, any additional glucose-control or weight-control therapy 
to the patient. 
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There is additionally provided, in accordance with an application of the present 
invention, a method for treating a human patient, including: 

implanting one or more electrode contact surfaces in contact with a fundus of the 

patient; 

5 providing a control unit coupled to the electrode contact surfaces; and 

activating the control unit to: 

drive the electrode contact surfaces to apply an electrical signal to at least 
one fundic site of the patient, without calculating an impedance of tissue of the 
fundus based on a sensed parameter that varies in response to the electrical signal, 
10 and 

configure one or more parameters of the electrical signal to improve a 
blood glucose level of the patient, in order to treat the patient. 

There is yet additionally provided, in accordance with an application of the present 
invention, a method for treating a human patient, including: 
15 implanting one or more electrode contact surfaces such that at least a portion of 

the electrode contact surfaces are in contact with a fundus of the patient; 

providing a control unit coupled to the electrode contact surfaces; and 
activating the control unit to drive (a) the one or more electrode contact surfaces 
using no more than 5 J over a 24-hour period, and (b) the portion of the electrode contact 
20 surfaces to apply an electrical signal to the fundus that improves a blood glucose level of 
the patient, in order to treat the patient. 

There is also provided, in accordance with an application of the present invention, 
a method including: 

applying a pacing signal at a first site of a gastrointestinal (GI) tract of a patient; 

25 and 

applying a non-excitatory signal at a second site of the GI tract, which second site 
is at least 5 cm distal to the first site. 

For some applications, applying the non-excitatory signal includes applying an 
excitable tissue control (ETC) signal. For some applications, the method further includes 
30 identifying that the patient suffers from gastroparesis, and treating the gastroparesis by 
applying the signals. Alternatively or additionally, the method further includes 
identifying that the patient suffers from obesity, and treating the obesity by applying the 
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signals. Alternatively or additionally, the method further includes identifying that the 
patient suffers from a metabolic disorder, and treating the metabolic disorder by applying 
the signals. For some applications, the first and second sites are on a stomach of the 
patient. For example, the first site may be on a corpus of the stomach, and the second site 
5 may be on an antrum of the stomach. For some applications, the method further includes 
applying a pacing signal at the second site. 

For some applications, applying the non-excitatory signal includes applying the 
non-excitatory signal at the second site without applying a pacing signal at the second 
site. For some applications, applying the non-excitatory signal at the second site 
10 including sensing an electrical parameter of the GI tract at the second site, and applying 
the non-excitatory signal responsively to the sensed parameter. For some applications, 
applying the non-excitatory signal at the second site includes applying the non-excitatory 
signal at the second site after a predetermined delay after applying the pacing signal at the 
first site. 

15 For some applications, applying the pacing signal and the non-excitatory signal 

includes applying the pacing signal and non-excitatory signals at a plurality of sites 
simultaneously. 

For some applications, the method further includes applying a neural modulation 
signal. For some applications, applying at least one of the pacing signal, the non- 
20 excitatory signal, and the neural modulation signal includes adapting the applying in 
accordance with at least one of an external input by the patient, a predefined schedule, and 
a determination that eating has occurred. 

There is further provided, in accordance with an application of the present 
invention, apparatus for application to a gastrointestinal (GI) tract of a patient, the 
25 apparatus including: 

a first set of one or more electrodes, configured to be applied to a first site of the 
GI tract; 

a second set of one or more electrodes, configured to be applied to a second site of 
the GI tract, which second site is at least 5 cm distal to the first site; and 
30 a control unit, configured to drive the first electrode set to apply a pacing signal at 

the first site, and to drive the second electrode set to apply a non-excitatory signal at the 
second site. 
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For some applications, the non-excitatory signal is an excitable tissue control 
(ETC) signal, and the control unit is configured to drive the second electrode set to apply 
the ETC signal. For some applications, the first and second sites are on a stomach of the 
patient. For some applications, the first site is on a corpus of the stomach, and the second 
5 site is on an antrum of the stomach. For some applications, the control unit is configured 
to apply a pacing signal at the second site. For some applications, the control unit is 
configured to apply the non-excitatory signal at the second site without applying a pacing 
signal at the second site. For some applications, the control unit is configured to sense an 
electrical parameter of the GI tract at the second site, and to drive the second electrode set 

10 to apply the non-excitatory signal responsively to the sensed parameter. For some 
applications, the control unit is configured to drive the second electrode set to apply the 
non-excitatory signal at the second site after a predetermined delay after applying the 
pacing signal at the first site. For some applications, the control unit is configured to 
drive the first and second electrode sets to apply the pacing and non-excitatory signals, 

15 respectively, at a plurality of sites simultaneously. For some applications, the control unit 
is configured to fiirther apply a neural modulation signal. For some applications, the 
control unit is configured to apply at least one of the pacing signal, the non-excitatory 
signal, and the neural modulation signal by adapting the applying in accordance with at 
least one of an external input by the patient, a predefined schedule, and a determination 

20 that eating has occurred. 

The present invention will be more fully understood from the following detailed 
description of embodiments thereof, taken together with the drawings, in which: 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic illustration of gastrointestinal apparatus, in accordance with 
25 an application of the present invention; 

Fig. 2 is a schematic illustration of a portion of a biphasic signal, in accordance 
with an application of the present invention; 

Fig. 3 is a schematic illustration of the gastrointestinal apparatus of Fig. 1 
comprising additional electrode contact surfaces and sensors, in accordance with an 
30 application of the present invention; 

Fig. 4 is a schematic block diagram of a control unit of the gastrointestinal 
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apparatus of Figs. 1 and 3, in accordance with an application of the present invention; 

Fig. 5 is a schematic diagram of circuitry for applying the glucose level 
improvement signal, in accordance with an application of the present invention; 

Fig. 6 is a schematic illustration of a bipolar bifurcated electrode structure, in 
. 5 accordance with an application of the present invention; 

Fig. 7 is a schematic illustration of a configuration of an electrode structure, in 
accordance with an application of the present invention; 

Fig. 8 is a schematic illustration of another configuration of the apparatus of Fig. 
1, in accordance with an application of the present invention; 

10 Figs. 9A-B are graphs showing experimental results obtained in accordance with 

an application of the present invention; 

Figs. lOA-F are schematic illustrations of gastric control apparatus, in accordance 
with respective applications of the present invention; 

Fig. 11 is a schematic illustration the gastric control apparatus of Figs. lOA-F 
15 comprising additional electrodes and sensors, in accordance with an application of the 
present invention; 

Fig. 12 is a schematic block diagram of a control unit of the gastric control 
apparatus of Figs. lOA-F and 11, in accordance with an application of the present 
invention; and 

20 Figs. 13A-B are graphs showing experimental results measured in accordance with 

an application of the present invention. 

DETAILED DESCRIPTION OF APPLICATIONS 

Fig. 1 is a schematic illustration of gastrointestinal (GI) apparatus 18, in 
accordance with some applications of the present invention. For some applications, 
25 apparatus 18 applies electrical stimulation to a stomach 20 of a patient, such as a fundus 
22 of the patient. For some applications, apparatus 18 comprises an implantable or 
external control unit 90, and one or more electrode structures 92, which comprises one or 
more implantable electrode contact surfaces 100 coupled to control unit 90 by respective 
leads 102. Leads 102 typically comprises one or more insulated cables, which may 
30 comprise a plurality of insulated wires (e.g., twisted insulated wires). Control unit 90 
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typically comprises a power source, such as one or more rechargeable or non- 
rechargeable batteries. 

Alternatively, the electrode structures 92 comprise one or more implantable 
wireless microstimulators, such as the BION® microstimulator (Boston Scientific 
5 Corporation, Natick, MA, USA), some features of which are described, for example, in 
US Patent 5,193,540 to Schulman et al., which is incorporated herein by reference. 

Typically, electrode contact surfaces 100 are configured to be coupled to 
respective sites on or in stomach 20 of a patient. Typically, the electrode contact surfaces 
£tre configured to be applied in physical contact with muscle tissue of the stomach (e.g., 

10 fundus), such as by being inserted into a muscular layer of the stomach (e.g., fundus). In 
general, the specific sites on the fundus (and antrum and corpus) shown in the figures are 
exemplary, and the electrode contact surfaces may be applied to other sites on the 
stomach. For some applications, a conductive portion of the control unit serves as one of 
the electrode contact surfaces, or an electrode contact surface remote from the stomach is 

15 provided as one of the electrode contact surfaces. 

Electrode contact surfaces 100 are typically configured to be coupled to an outer 
surface of the stomach, an inner surface of the stomach, or a layer of the stomach, such as 
the serosal layer of stomach 20, and/or inserted into the muscular layer of the stomach, or 
to a combination of the above. Alternatively, one or more of the electrode contact 

20 surfaces are coupled to tissue near the stomach (e.g., the pyloric region, the duodenum, or 
abdominal muscle in the vicinity of the stomach), which may for example simplify the 
surgical implantation procedure. Alternatively or additionally, the electrode contact 
surfaces are coupled elsewhere on the GI tract, or to other suitable locations in or on the 
patient's body. The number of electrode contact surfaces, as well as the positions thereof, 

25 are shown in Figs. 1 and 3 by way of example, and other sites on stomach 20 or in or on 
the patient's body are appropriate for electrode contact surface placement in other 
applications of the present invention. 

Different types of electrode structures known in the art are typically selected based 
on the specific condition of the patient's disorder, and may comprise stitch, coil, screw, 
30 patch, basket, needle and/or wire electrodes, or substantially any other electrode known in 
the art of electrical stimulation or sensing in tissue. 
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For some applications, each of electrode contact surfaces 100 has a length of 
between 1 and 25 mm, such as 18 mm, and a diameter of between 0.1 and 5 mm, such as 
0.5 mm. For some applications, the electrode contact surfaces comprise" a platinum- 
iridium (Pt/Ir) alloy, and optionally are coated, such as with Titanium Nitride (TiN). For 
5 some applications, the electrode contact surfaces are configured to have a current density 
of at least 0.15 mA/mm2, no more than 1.3 mA/mm2, and/or between 0.15 mA/mm2 and 
1.3 mA/mm2. 

Reference is made to Fig. 6, which is a schematic illustration of a bipolar 
bifurcated electrode structure 92, in accordance with an application of the present 
10 invention. Electrode structure 92 comprises two electrode contact surfaces 100, a 
bifurcated lead 112, and a connector 114 for coupling the structure to control unit 90 
(such as an IS-1 connector, as is known in the art). In this application, electrode structure 
92 may comprise, for example, the UltraRex Implantable Gastric Lead (MetaCure (USA), 
Orangeburg, NY). 

15 For some applications (as shown in Fig. 8), apparatus 18 comprises exactly one 

connector 114, which connects one or more of the leads (insulated cables) to control unit 
90. For some applications, one end of exactly one of the insulated cables is coupled to the 
control unit. 

For some applications (as shown in Fig. 8), apparatus 18 comprises exactly one 
20 bifurcated insulated cable, having exactly two bifurcated ends and exactly one non- 
bifurcated end, wherein each of the electrode contact surfaces are coupled to one of the 
bifurcated ends, and wherein the non-bifurcated end is coupled to the control unit. 
Alternatively, for some applications, apparatus 18 comprises exactly one multifurcated 
insulated cable, having at least three multifurcated ends and exactly one non-multifurcated 
25 end, wherein each of the electrode contact surfaces are coupled to one of the multifurcated 
ends, and wherein the non-multifurcated end is coupled to the control unit. 

For other applications, electrode structure 92 comprises a corkscrew-shaped 
electrode mount, which is configured to be implanted in a wall of the fundus, and which 
comprises the one or more electrode contact surfaces, at respective sites of the electrode 
30 mount; for example, techniques may be used that are described in US Patent Application 
Publication 2010/0228105, which is incorporated herein by reference (for example, 
techniques may be used that are described therein with reference to Figs. 14A-B). 
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Reference is again made to Fig. 1. For some applications, electrode structures 92 
are bipolar, while for other applications the electrode structures are monopolar, For some 
applications in which the electrode structures are bipolar, the cathode electrode contact 
surface and anode electrode contact surface are placed between 1 and 4 cm apart from 
5 each other, e.g., between 2 and 4 cm apart. For some applications, the electrode contact 
surfaces are sutured to the stomach, such as to muscle tissue of the stomach. For some 
applications, the electrode implantation procedure is performed via laparoscopy or 
endoscopically. For some applications in which the electrode structures comprise at least 
one monopolar electrode structure, the return electrode contact surface may comprise a 
10 conductive portion of the device or another remotely-placed electrode, for example at 
least 5 cm away. 

Reference is made to Fig. 8, which is a schematic illustration of another 
configuration of apparatus 18, in accordance with an application of the present invention. 
For some applications, apparatus 18 comprises exactly one electrode structure 92, which 

15 comprises one or more electrode contact surfaces 100, which are configured to be applied 
to the fundus of the patient. Thus, for these applications, apparatus 18 does not comprise 
any electrode structures that are applied elsewhere to the stomach, including the antrum. 
As a result, implantation procedures are substantially simplified. For example, electrode 
structure 92 and, optionally, control unit 90, may be implanted in a relatively simple 

20 endoscopic procedure via the lumen of the stomach. (It is substantially simpler to implant 
electrode contact surfaces in the fundus than in the antrum.) Typically, such an 
endoscopic implantation procedure has a duration of less than 45 minutes, such as about 
30 minutes (compared to about 2.5 hours for implanting the TANTALUS® System 
mentioned hereinabove in the Background of the Application). Furthermore, application 

25 of the signal described herein only to the fundus may require a relatively low amount of 
energy, enabling the use of a small battery in the control unit. The control unit thus may 
be smaller than implantable control units used in some devices (such as the 
TANTALUS® System), further simplifying the endoscopic implantation procedure. For 
example, the control unit (e.g., an outer casing thereof) may be sized such that at least one 

30 line that passes from edge to edge of the control unit through a center of gravity thereof 
has a length of no more than 2 cm, such as no more than 1 cm (for example, for 
applications in which the control unit is generally cylindrical in shape, the line may 
correspond with the diameter of the control unit). In addition, the shorter and simpler 
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implantation procedure may allow the use of local or twilight anesthesia, rather than the 
general anesthesia that may be required for implanting some devices (such as the 
TANTALUS® System) in some circumstances. 

For some applications, an implantation procedure comprises endoscopically 
5 making one or more incisions (for some application, exactly one incision) through a 
fundic wall of the patient, and, via exacdy one of the one or more incisions, implanting 
the one or more electrode contact surfaces 100 in contact with the fundus. Typically, to 
make the one or more incisions, an endoscopic tool is advanced into the stomach via a 
mouth of the patient. For some applications, control unit 90 is also implanted in a body of 

10 the patient via the exactly one incision. The control unit drives the one or more electrode 
contact surfaces to apply the signal described herein to the fundus. (If one or more 
additional incisions are made other than the exactly one incision through which the one or 
more electrode contact surfaces are implanted, these one or more additional incisions may 
be used, for example, to pass tools outside the stomach for use during the implantation 

15 procedure.) 

For some applications, endoscopic implantation techniques are used, mutatis 
mutandis, that are described in above-mentioned PCT Publication WO 07/080595 or US 
Application 12/160,616 in the national stage thereof, both of which are assigned to the 
assignee of the present application and incorporated herein by reference. 

20 For some applications, control unit 90 is implantable, and comprises one or more 

non-rechargeable batteries with a combined capacity of no more than 1 A-h, such as no 
more than 0.1 A h. Alternatively, for some applications, the control unit comprises one or 
more rechargeable batteries with a combined capacity of no more than 5 mAh (milliamp 
hours), such as no more than 1 mA h. Alternatively or additionally, for some 

25 applications, the batteries (whether rechargeable or non-rechargeable) have a combined 
maximum energy discharge over a 24-hour period (such as over all 24-hour periods) of 5 
J, such as no more than 2 J. Alternatively or additionally, for some applications, control 
unit 90 is configured to drive all electrode contact surfaces of apparatus 1 8 using no more 
than 5 J (such as no more than 2 J) over a 24-hour period (such as over all 24-hour periods 

30 of operation of the apparatus). (For applications in which the control unit comprises one 
or more rechargeable batteries, the batteries are optionally recharged by wirelessly 
transmitting energy to the control unit from outside of the body of the patient.) 
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Reference is made to Fig. 7, which is a schematic illustration of a configuration of 
electrode structure 92, in accordance with an application of the present invention. For 
some applications in which apparatus 18 comprises exactly one electrode structure 92, 
electrode structure 92 comprise a plurality of electrode contact surfaces 100. The 
5 electrode structure is configured to constrain motion of electrode contact surfaces 100 so 
as to define a greatest possible distance D between closest respective portions 116 of any 
two of electrode contact surfaces 100, which distance is no more than 40 cm, such as no 
more than 30 cm, 20 cm, 10 cm, or 5 cm. (In the example shown in Fig. 7, two electrodes 
lOOA and lOOB are provided, having respective closest portions 116A and 116B, 
10 respectively.) For some applications, more than one of electrodie contact surfaces 100 are 
arranged along a single lead; for example, the lead may include non-electrically-insulated 
portions that serves as respective electrode contact surfaces (configuration not shown). 

Control unit 90 drives electrode contact surfaces 100 to apply an electrical signal 
to stomach 20, such as fundus 22, and configures the signal to improve a blood glucose 

15 level of the patient, such as normalize the level, acutely and/or chronically, i.e., over a 
longer period of time, such as a period of time having a duration of at least three months. 
The electrical signal may be delivered, for example, through circuitry that generates 
electrical current to flow through at least one of electrode contact surfaces 100 in the 
vicinity of the target tissue. Alternatively or additionally, the signal may be delivered 

20 through circuitry that generates an electric field between at least one of electrode contact 
surfaces 100 in the vicinity of the target tissue and another of the electrode contact 
surfaces, a reference surface, and/or a conductive portion of a signal generator (or control 
unit 90). For some applications, the control unit does not sense eating by the patient (e.g., 
by detecting swallowing and/or changes in fundic or antral mechanical and/or electrical 

25 activity) or a characteristic of food eaten by the patient. (As used in the present 
application, including the claims, "food" is to be understood as including both solid and 
liquid food.) For some applications, the control unit is configured to apply the signal to 
the at least one fundic site at least intermittently during a period having a duration of at 
least one week, without applying any electrical signals to any antral sites of the patient 

30 during the period. 

Apparatus 18 is configured to treat a condition of the patient, such as type 2 

diabetes, type 1 diabetes, metabolic syndrome, impaired glucose tolerance (TGT), 

impaired fasting glycemia (IFG), obesity, diabetes (type 2 or type 1) combined with 
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obesity, gastroparesis, or another condition. Control unit 90 typically configures the 
signal to not cause hypoglycemia. For some applications, the control unit effects this 
avoidance of hypoglycemia without periodically measuring the blood glucose level of the 
patient during application in the signal. For these applications, the control unit thus does 
5 not modulate any parameters of the signal, and/or withhold applying the signal, 
responsively to the periodically measured blood glucose level of the patient. 

For some applications, control unit 90, the electrode structures (including 
electrode contact surfaces 100), and the various sensors described herein are implanted in 
the patient in a manner generally similar to that used to implant gastric pacemakers or 

10 other apparatus for stimulating the GI tract which are known in the art. For some 
applications, implantation techniques may be used that are described in PCX Publication 
WO 07/080595, and in US Patent Application 12/160,616 in the national stage thereof, 
both of which are incorporated herein by reference. As appropriate, techniques described 
in one or more of the patents cited in the Background section of the present patent 

15 application may be adapted for use with these embodiments of the present invention. 

Typically, apparatus 18 is configured to be implantable in the patient for long-term 
application of the electrical signal. 

For some applications, two electrode contact surfaces 100 are placed in or on the 
anterior wall of the fundus (as shown in Figs. 1 and 3), and/or two electrode contact 
20 surfaces 100 are placed in or on the posterior wall of the fundus (configuration not 
shown). For some applications, the electrode contact surfaces are placed such that a 
closer one of the electrode contact surfaces is 1-3 cm (e.g., 2 cm) from the 
gastroesophageal junction. Optionally, the electrode contact surfaces are placed 
perpendicular to the long axis of the stomach. 

25 Alternatively, for some applications, one of electrode contact surfaces 100 is 

placed in or on an anterior wall of fundus 22, and the other electrode contact surface 100 
is placed in or on the posterior wall of the fundus (configuration not shown). For some 
applications, the electrode contact surfaces are coupled to multiple sites along the 
stomach, such as the anterior side of the antrum or corpus and the posterior site of the 

30 antrum or corpus. 

For some applications, a single bipolar electrode structure is implanted in the 
stomach, such as in the fundus (configuration not shown). For example, the bipolar 
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electrode structure may be similar to a cardiac pacing lead, and have a tip and ring on the 
same body of the lead. The use of a single bipolar electrode structure simplifies the 
surgical implantation procedure and reduces the cost of the procedure. Alternatively, a 
single bipolar bifurcated lead 102 is used, and the two electrode contact surfaces of the 
5 bifurcated lead are implanted in the stomach, such as in the fundus. For example, the 
bifurcated lead may have a single lead body that splits into two sub-bodies, each having 
its own electrode contact surface (such that the lead is Y-shaped), such as shown in Fig. 6. 
Use of such a bifurcated lead may cause activation of a large portion of the stomach (e.g., 
fundus) using a single lead. Further additionally, two leads 102 are provided, each of 
10 which comprises a single respective unipolar electrode contact surface 100 (configuration 
not shown). 

Alternatively, for some applications, electrode contact surfaces 100 (or one or 
more addition sets of electrode contact surfaces) are applied to a corpus 24 of stomach 20, 
and/or an antrum 26 of the stomach 20. For some applications, three respective bipolar 

IS electrode structures are implanted in the fundus, corpus, and antrum, and are activated to 
apply the signal. For other applications, two respective bipolar electrode structures are 
implanted in two sites selected from the group consisting of: the fundus, corpus, and 
antrum (fundus and corpus, fundus and antrum, or antrum and corpus), and are activated 
to apply the signal. For still other applications, two monopolar electrode structures are 

20 implanted in two sites selected from the group consisting of: the fundus, corpus, and 
antrum (fundus and corpus, fundus and antrum, or antrum and corpus), £uid are activated 
to apply the signal between the two sites. The two monopolar electrode structures may 
share a single lead, or may have separate respective leads. For some applications in 
which the electrode contact surfaces are implanted in the antrum, the electrode contact 

25 surfaces are positioned 1-3 cm (e.g., 2 cm) from the pylorus, and/or the electrode contact 
surfaces are placed perpendicular to the long axis of the stomach. For some applications 
in which the electrode contact surfaces are implanted in the corpus, the electrode contact 
surfaces are placed perpendicular to the long axis of the stomach. For all applications in 
which one or more electrode contact surfaces are implanted in the corpus, the electrode 

30 contact surfaces may be implanted in the greater and/or lesser curvatures thereof. 

The electrical signal generated by the control unit may have a variety of 

parameters and/or properties, including with regard to its shape, duty cycle, frequency, 

duration, offset, and combination of pulses. For some applications, the control unit drives 
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the electrode contact surfaces to apply the electrical signal as a plurality of pulses. For 
some applications, the control unit configures one or more of the pulses (such as a 
majority of the pulses, or all of the pulses) to have one or more of the following 
parameters: 

5 •a pulse width of at least 1 microsecond, no more than 2 seconds, and/or 

between 1 microsecond to 2 seconds (e.g., at least 2 microseconds, no 
more than 5 milliseconds, and/or between 2 microseconds and 5 
milliseconds), such as at least 5 microseconds, no more than 100 
milliseconds, and/or between 5 microseconds and 100 milliseconds, e.g., 

10 at least 10 microseconds, no more than 10 milliseconds, and/or between 10 

microseconds and 10 milliseconds, such as at least 15 microseconds, no 
more than 5 milliseconds, and/or between 15 microseconds and 5 
milliseconds, e.g., at least 20 microseconds, no more than 1 millisecond, 
and/or between 20 microseconds and 1 millisecond, such as at least 25 

15 microseconds, no more than 100 microseconds, and/or between 25 and 

100 microseconds, for example, about 30 microseconds; 

• a voltage of no more than 10 volts, such as at least 0.5 volts, e.g., at least 
1.25 volts, no more than 4.1 volts, and/or between 1.25 and 4.1 volts, e.g., 
3.5 volts; 

20 •an amplitude of at least 0. 1 mA, no more than 100 mA, and/or between 0. 1 

mA and 100 mA, typically at least 5 mA (e.g., at least 10 mA), no more 
than 35 mA, and/or between 5 mA (e.g., 10 mA) and 35 mA (which 
depends on the tissue impedance) (because an amplitude of greater than 
between 13 and 15 mA usually (but not always) is felt by the patient, it is 

25 generally desirable to limit the amplitude to no more than the sensation 

threshold of the particular patient). For example, in an extreme case, 
tissue impedance (electrode-tissue interface impedance) may be as high as 
700 ohms; in this case, if voltage of 3.5 volts is applied, the current is 5 
mA; 

30 • pulses that are uniphasic or biphasic (with or without a gap between the 

two phases or consecutive pulses); 



44 



wo 2011/092710 



PCT/IL2011/000116 



• pulses that are substantially square, saw tooth, sinusoidal, exponential, 
ramping, triangular, capacitor discharge (approximately exponential), 
having sharp or gradual gradients, symmetric or asymmetrical, or a 
combination of these properties; 

5 •a pulse frequency of at least 1 Hz, such as at least 10 Hz or 20 Hz, no more 

than 100 Hz, or at least one pulse per second, five pulses per second, ten 
pulses per second, or 20 pulses per second, and/or no more than 100 pulses 
per second; 

• an energy per pulse (e.g., an average energy per pulse) of at least 0.05 
10 microjoules, no more than 50 microjoules, and/or between 0.05 and 50 

microjoules, such as at least 0.1 microjoules, no more than 5 microjoules, 
and/or between 0. 1 and 5 microjoules; and/or 

• an instantaneous power of at least 0.1 milliwatts, no more than 500 
milliwatts, and/or between 0.1 milliwatts and 500 milliwatts, such as at 

15 least 5 milliwatts, no more than 100 milliwatts, and/or between 5 

milliwatts and 100 milliwatts. 

For some applications, the control unit generates the electrical signal using no 
more than 5 J (such as no more than 2 J) over a 24-hour period (such as over all 24-hour 
periods of operation of the apparatus). 

20 For some applications, the pulses are applied in a plurality of pulse trains, one or 

more of which trains (such as a majority or all) typically has one or more of the following 
parameters: 

• a total duration of each train of pulses of at least 0. 1 seconds, no more than 
5 seconds, and/or between 0, 1 and 5 seconds, such as at least 0.5 seconds, 

25 no more than 2 seconds, and/or between 0.5 and 2 seconds; 

• a number of pulses per train of at least 1, no more than 100,000, and/or 
between 1 and 100,000, such as at least 100, no more than 20,000, and/or 
between 100 and 20,000; and/or 

• biphasic pulses, such as described hereinbelow with reference to Fig. 2. 
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For some applications in which the pulses are uniphasic, the phase of the pulses 
alternates from time to time (e.g., once every several seconds (e.g., one minute) to every 
24 hours, or once every one or more physiological cycles of the tissue to which the 
electrode contact surfaces are coupled) between positive and negative pulses. For some 
5 applications, a trailing balancing phase is provided after one or more of the pulses. Use of 
such alternating phases and/or trailing balancing phase may reduce the effect of 
polarization of the electrode contact surfaces. 

Typically, the electrical signal is not synchronized with intrinsic electrical activity 
of the stomach. Alternatively, the electrical signal is synchronized with intrinsic electrical 
10 activity of the stomach. For example, application of the signal may be triggered by 
gastric electrical and/or mechanical activity, e.g., slow waves. 

For some applications, electrode contact surfaces 100 are configured to be applied 
to the fundus. Control unit 90 is configured to: 

• during first and second modes of operation, drive electrode contact surfaces 100 to 
15 apply an electrical signal to the fundus that chronically improves a blood glucose 

level of the patient, in order to treat the patient, and 

• during the first mode of operation, and not during the second mode of operation, 
sense a parameter that varies in response to the applied electrical signal, and 
calculate, based on the sensed parameter, an impedance of tissue of the fundus. 

20 For some applications, the control unit is configured to operate in the second mode 

of operation for a greater total amount of time than in the first mode of operation. 

Determining impedance only a portion of the time the device operates (i.e., only 
during the first mode of operation) reduces energy consumption, which, among other 
benefits, may reduce the battery size of the control unit, as discussed above. 

25 For some applications, electrode contact surfaces 100 are configured to be applied 

to the fundus. Control unit 90 is configured to: 

• drive electrode contact surfaces 100 to apply, during a plurality of signal 
application time periods, an electrical signal to the fiindus that chronically 
improves a blood glucose level of the patient, in order to treat the patient, 

30 • sense a parameter that varies in response to the applied electrical signal, and 
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calculate, based on the sensed parameter, an impedance of tissue of the fundus, 
and 

• withhold sensing the parameter for a duration of at least one second following at 
least a portion of the signal application time periods. 

5 As mentioned above, determining impedance only a portion of the time the device 

operates (i.e., only during the first mode of operation) reduces energy consumption, 
which, among other benefits, may reduce the battery size of the control unit, as discussed 
above. 

For some applications, electrode contact surfaces 100 are configured to be applied 
10 to the fundus. Control unit 90 is configured to: 

• drive electrode contact surfaces 100 to apply an electrical signal to the fundus that 
chronically improves a blood glucose level of the patient, in order to treat the 
patient, wherein the electrical signal includes a plurality of pulses, and 

• during application of less than 50% (e.g., less than 10%, such as less than 2%) of 
15 the pulses: (a) sense a parameter that varies in response to the applied electrical 

signal, and (b) calculate, based on the sensed parameter, an impedance of tissue of 
the fundus. 

As mentioned above, determining impedance only a portion of the time the device 
operates (i.e., only during the first mode of operation) reduces energy consumption, 
20 which, among other benefits, may reduce the battery size of the control unit, as discussed 
above. 

For some applications, control unit 90 is configured to configure one or more 
parameters of the electrical signal responsively to the calculated impedance. For example, 
control unit 90 may be configured to apply the electrical signal in a series of pulses, and to 
25 set a duration of the pulses at least in part responsively to the calculated impedance. 

For some applications, electrode contact surfaces 100 are configured to be applied 
to the fundus. Control unit 90 is configured to apply the electrical signal intermittently. 
Such intermittent signal application generally reduces power consumption, while still 
achieving the therapeutic goal of chronically (and/or acutely) reducing blood glucose 
30 levels. Reduced power consumption, among other benefits, may reduce the battery size of 
the control unit, as discussed above. 
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For example, the control unit may be configured to: 

• during signal-application periods, drive electrode contact surfaces 100 to apply an 
electrical signal to the fundus that chronically improves a blood glucose level of 
the patient, in order to treat the patient, and 

5 • provide reduced-signal-application periods, which alternate with the signal- 

application periods, and during which electrode contact surfaces 100 apply the 
electrical signal having an average energy that is less than 20% of the average 
energy of the electrical signal applied during the signal-application periods. 

Typically, the control unit is configured to provide at least one, such at least three, 
10 reduced-signal-application periods during every 24-hour period, each of which reduced- 
signal-application periods has a duration of at least 30 minutes, such as at least 2 hours. 

For some applications, the reduced-signal-application periods are non-signal- 
application periods; the control unit is configured to withhold driving the electrode 
contact surfaces to apply the electrical signal during the non-signal-application periods. 

15 For some applications, the control unit is configured to drive the electrode contact 

surfaces, during the signal-application periods, to apply the electrical signal as a plurality 
of pulses alternating with inter-pulse gaps. 

For some applications, the control unit is configured to set a duration of at least 
one of the signal-application periods every 24 hours to be at least 10 minutes, such as 
20 least 30 minutes, one hour, or 3 hours. 

For some applications, the control unit is configured to provide the reduced-signal- 
application periods in accordance with a predetermined schedule. 

For some applications, the control unit is configured to sense eating by the patient, 
and to apply the electrical signal during the signal-application periods in response to the 
25 sensed eating. Alternatively, for some applications, the control unit is configured to sense 
eating by the patient, and to provide the reduced-signal-application periods in response to 
the sensed eating. 

For some applications, the control unit is configured to provide the signal- 
application periods only during a plurality of hours during nighttime. Alternatively, for 
30 some applications, the control unit is configured to provide the signal-application periods 
only during a plurality of hours during daytime. 
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For some applications, implantable electrode contact surfaces 100 are configured 
to be applied to the fundus. Control unit 90 is configured to drive electrode contact 
surfaces 100 to apply an electrical signal to the fundus that chronically improves a blood 
glucose level of the patient, in order to treat the patient, without the control unit applying, 
5 or generating a signal for applying, any additional glucose-control or weight-control 
therapy to the patient. Typically, for these applications, apparatus 18 does not comprise 
any electrode contact surfaces that are configured to be applied to an antrum of the 
patient. 

For some applications, electrode contact surfaces 100 are configured to be applied 
10 to the fundus. Control unit 90 is configured to drive the electrode contact surfaces to 
apply an electrical signal to the fundus that chronically improves a blood glucose level of 
the patient, in order to treat the patient, without calculating an impedance of tissue of the 
fundus based on a sensed parameter that varies in response to the electrical signal. Not 
determining impedance reduces energy consumption, which, among other benefits, may 
15 reduce the battery size of the control unit, as discussed above. 

For some applications, control unit 90 is configured to configure the electrical 
signal such that the signal, if applied to an antrum of the patient, would not effect an 
improvement in a blood glucose level of the patient. 

Reference is now made to Fig. 2, which is a schematic illustration of a portion of a 
20 biphasic signal, in accordance with an application of the present invention. Each pulse 
includes a positive phase and a negative phase; the positive phase may precede or follow 
the negative phase. For some applications, each of the phases has a duration (labeled X in 
the figure) of at least 1 usee, no more than 500 usee, and/or between 1 and 500 usee, such 
as at least 10 usee, no more than 100 usee, and/or between 10 and 100 usee, e.g., 30.5 
25 usee or 61 usee (optionally, the duration is selected based on the measured tissue 
impedance, i.e., electrode-tissue interface impedance). For some applications, the control 
unit, or a medical worker, sets the duration of the pulses at least in part responsively to 
measured tissue impedance, i.e., electrode-tissue interface impedance. 

For some applications, each pulse includes a gap between the positive and 
30 negative phases (labeled Y in the figure), which typically has a duration of between 1 usee 
and 1 msec. The length of the gap may sometimes be constrained by performance of the 
circuitry (such as the amount of time necessary to open and close switches necessary for 
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discharging a capacitor into the tissue), but for some applications may be progranmiable, 
such as between 0.1 usee and 100 msec, e.g., between 100 usee and 1 msec. For other 
applications, a gap is iiot provided between the phases. 

For some applications, the biphasic pulses are applied at least 1 time, no more than 
5 100 times, and/or between 1 and 100 times per second, such as at least 5 times, no more 
than 40 times, and/or between 5 and 40 times per second, e.g., 10 times per second. (The 
number of phases per second equals twice the number of pulses per second.) The pulses 
are typically applied continuously when the signal is applied. 

For some applications, the control unit applies the signal using a capacitor having 
10 a capacitance of between 0.1 nF and 10,000 nF, such as 390 nF. For some applications, 
the capacitor discharge occurs within between 10 usee and 1 msec, such as about 100 
usee, after application of each pulse (assuming a 390 nF capacitance into an 
approximately 250 ohm load). Circuitry described hereinbelow with reference to Fig. 5 
may be used for applying the signal using a capacitor. 

15 For some applications, the control unit is configured to deliver the stimulation 

during eating, and, optionally, for a specific time after eating, by the patient. The control 
unit may be configured to detect such eating, such as using sensors and techniques 
described hereinbelow with reference to Fig. 3, or to receive an input from the patient 
manually activating the signal application, for example, upon experiencing a severe 

20 symptom, such as nausea. Typically, the control unit is configured to deliver the 
stimulation for a period having a duration of between 0.5 and 4 hours, beginning after 
commencement of eating. Alternatively, the control unit is configured to apply the 
stimulation at certain time(s) of day. This approach obviates the need for an eating 
detection sensor and its associated lead, and also eliminates the need for patient 

25 compliance, and an associated external manual controller device. 

For some applications, the apparatus is configured to measure the blood glucose 
level of the patient, and to apply the signal only when the measured blood glucose level is 
greater than a threshold value. For example, the apparatus may use supplemental sensors 
72, described hereinbelow with reference to Fig. 3, for measuring the blood glucose level. 

30 For some applications, the control unit is configured to synchronize the applied 

electrical stimulation with electrical activity of the stomach, while for other applications, 
the stimulation is not synchronized with electrical activity of the stomach. 
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Reference is now made to Fig. 3, which is a schematic illustration of gastric 
apparatus 18 comprising additional electrode contact surfaces and sensors, in accordance 
with an application of the present invention. As mentioned above, electrode contact 
surfaces 100 may function as signal-application electrode contact surfaces. For some 
5 applications, electrode contact surfaces 100 may also operate in a sensing mode. In 
addition, one or more dedicated local sense electrode contact surfaces 74 may also be 
placed on or in stomach 20, and convey electrical signals to control unit 90 responsive to 
natural gastric electric activity, such as for detecting slow waves. In addition, one or more 
mechanical sensors 70 (e.g., accelerometers, force transducers, strain gauges, or pressure 

10 gauges) may be coupled to the control unit and are placed on or in the stomach. 
Alternatively or additionally, one or more supplemental sensors 72 (e.g., pH sensors, 
blood glucose sensors, intragastric pressure sensors and/or sonometric sensors) may be 
coupled to the control unit and are placed on or in the GI tract or elsewhere on or in the 
patient's body. The control unit may modify the waveform applied through electrode 

15 contact surfaces 100 responsive to signals from sensors 70 and 72 and local sense 
electrode contact surfaces 74, as described hereinbelow with reference to Fig. 4. 
Typically, control unit 90 and the above-mentioned electrode contact surfaces cuid sensors 
are permanently or semi-permanently implanted in or coupled to the patient's body. 

Techniques for detecting eating may be used that are described in US Patent 
20 7,437,195, US Patent 733,0753, US Patent Application Publication 2009/0118797, US 
Patent Application Publication 2009/0281449, and/or PCT Publication WO 08/1 17296, all 
of which are incorporated herein by reference. For some applications, techniques 
described herein as detecting eating detect any eating (i.e., either solids or liquids), while 
for other applications, the control unit only applies the glucose-improvement stimulation 
25 upon detecting eating of solid foods, such as using the techniques described in these 
applications incorporated herein by reference. Alternatively or additionally, the control 
unit is configured to modify one or more parameters of the stimulation upon detecting 
eating or upon detecting eating of solid foods. 

Fig. 4 is a schematic block diagram of control unit 90, in accordance with an 

30 application of the present invention. Mechanical sensors 70, supplemental sensors 72, 

local sense electrode contact surfaces 74, and electrode contact surfaces 100 may be 

coupled to provide feedback signals to a digestive activity analysis block 80 of control 

unit 90. The feedback signals generally provide block 80 with information about various 
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aspects of the stomach*s present state (e.g., empty or full) and the stomach's level of 
activity, so as to enable block 80 to analyze the signals and actuate control unit 90 to 
modify the electrical energy applied to electrode contact surfaces 100 responsive to the 
analysis. For some applications, the enhancement signal is adjusted by the control unit 
5 responsive to the feedback signals in order to yield a desired response, or an indication by 
supplemental sensors 72 of maintenance of the patients blood sugar level within a desired 
range. 

As shown in Fig. 4, digestive activity analysis block 80 typically conveys results 
of its analysis of the inputs from mechanical sensors 70, supplemental sensors 72, and 

10 electrode contact surfaces 100 to a "parameter search and tuning" block 84 of control unit 
90, which iteratively modifies characteristics of the electrical energy applied to stomach 
20 in order to attain a desired response, such as blood glucose level improvement. For 
some applications, operating parameters of block 84 are entered, using operator controls 
71, by a physician or other human operator of the control unit. Block 84 typically utilizes 

15 multivariate optimization and control methods known in the art in order to cause one or 
more of the aforementioned mechanical, electrical, chemical and/or other measured 
parameters to converge to desired values. 

Typically, desired signal parameters are conveyed by block 84 to a signal 
generation block 86 of control unit 90, which generates, responsive to the parameters, 
20 electrical signals that are applied by electrode contact surfaces 100 to the stomach. Block 
86 typically comprises amplifiers, isolation units, and other standard circuitry known in 
the art of electrical signal generation. 

In an initial calibration procedure, parameter search and tuning block 84 typically 
modifies a characteristic (e.g., timing, magnitude, or shape) of the signal applied through 
25 one of electrode contact surfaces 100, and then determines whether a predetermined 
response generally improves following the modification. For some applications, the 
cahbration procedure is subsequently performed by the physician at intermittent follow-up 
visits, and/or by unit 90 automatically during regular use of apparatus 18 (e.g., daily). 

For some applications, during the initial calibration procedure, the locations of one 
30 or more of electrode contact surfaces 100 are varied while the signal is applied 
therethrough, so as to determine optimum placement of the electrode contact surfaces. In 
a series of calibration steps, each electrode contact surface is moved over an area of 
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Stomach 20, and an appropriate response of the stomach is measured. After the physician 
considers that a sufficient number of sites have been investigated to characterize the area, 
the electrode contact surface is returned to the site yielding the best response. 
Subsequently, other electrode contact surfaces, placed on, in, or near the stomach are 
5 moved according to the same protocol, so as to achieve substantially optimum placement 
of some or all of the electrode contact surfaces. 

Reference is now made to Fig. 5, which is a schematic diagram of circuitry 200 for 
applying the glucose level improvement signal, in accordance with an application of the 
present invention. Circuitry 200 controls a switch 210 ("Spwr") that connects a power 
10 source 212 to charge a capacitor 214 which is connected to electrode contact surfaces 100. 
The power source thus charges the capacitor, and the capacitor discharges the charge to 
the tissue through the electrode contact surfaces. The electrode contact surfaces are 
separately controlled using respective electrode switches 216A ("SelA") and electrode 
switches 2 16B("SelB"). 

15 Stimulation using some of the techniques described hereinabove was tested in two 

experiments conducted on a total of 12 human diabetic subjects suffering from type 2 
diabetes. In each of the subjects, a bipolar electrode structure (UltraFlex Implantable 
Gastric Lead, MetaCure (USA), Orangeburg, NY) was placed in the muscle layer of the 
anterior wall of the fundus about 2 cm firom the Lx>wer Esophageal Sphincter (LES), such 

20 that the two electrode contact surfaces of the bipolar electrode structure were 2 cm apart 
(generally as shown in Fig. 1). (The length of the lead from the IS-1 connector to the 
bifurcation was about 33-35 cm, and from the bifurcation to each of the electrodes was 
10-12 cm. A control unit similar to control unit 90 was implanted. The control unit was 
configured to apply biphasic stimulation electrical pulses continuously (i.e., 10 times a 

25 second, every second of the day, every day until programmed off by a medical 
professional) for a period having a duration of three months. The pulses had a voltage of 
between 3.2 to 4.1 volts (5 mA - 35 mA, depending on the tissue impedance), and were 
applied 10 times every second (i.e., at a frequency of 10 Hz). Each pulse included 
positive and negative phases, each of which phases had a duration of either 30.5 or 61 

30 microseconds, depending on the electrode-tissue interface impedance. The control unit 
did not measure blood glucose, and the signal was thus not modulated or withheld 
responsive to blood glucose levels. 
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In two different experiments performed, after three months of treatment, the 
subjects showed a statistically significant improvement in HbAlc compared with baseline 
values prior to device implantation and activation. In one cohort (n=8), mean HbAlc 
decreased from 8.4% at baseline to 7.3% after three months treatment, P<0.01); while in 
5 the second cohort (n=4), mean HbAlc decreased from 7.12% at baseline to 6.65% after 
three months treatment. In six of the subjects, HbAlc decreased to less than 7%, 
reflecting normalization of blood glucose level. No hypoglycemia events were reported 
in any of the 12 subjects during the three months of stimulation. 

In eight of the 12 subjects, the signal was applied for an additional three months 
10 (for a total of six months). The following table shows average HbAlc (percentage) for 
these eight subjects at baseline, at three months, and at six months: 



TABLE 1 





Baseline (SD) 


3 months (SD) 


6 months (SD) 


HbAlc 


8.1+0.6 


7.3 + 0.8 


6.9 + 0.4 



These results show a noticeable additional improvement in HbAlc from three to 
six months (P=0.06 at six months compared to baseline). 

15 The experiment that included the above-mentioned cohort of eight patients 

additionally included five patients that served as a control group. The same system was 
implanted in these five patients as in the eight patients, including the control unit and 
electrode contact surfaces. However, the system was not activated in the control group. 
In the control group, on average no change was observed in HbAlc levels between 

20 baseline and 3 months after implantation (7.6%). Comparison of this lack of change with 
the decrease in HbAlc observed in the eight patients that received stimulation (at 6 
months) was statistically significant (p=0.007). 

Reference is now made to Fig. 9A-B, which are graphs showing experimental 
results obtained in accordance with an application of the present invention. Stimulation 
25 using some of the techniques described hereinabove was tested in a third experiment 
conducted on a total of four human diabetic subjects suffering from type 2 diabetes 
(separate from the 12 subjects mentioned above). In each of the subjects, a bipolar 
electrode structure (UltraFlex Implantable Gastric Lead, MetaCure (USA), Orangeburg, 
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NY) was placed in the muscle layer of the anterior wall of the fundus about 2 cm from the 
Lower Esophageal Sphincter (LES), such that the two electrode contact surfaces of the 
bipolar electrode structure were 2 cm apart (generally as shown in Fig. 1). (The length of 
the lead from the IS-1 connector to the bifurcation was about 33-35 cm, and from the 
5 bifurcation to each of the electrodes was 10-12 cm. A control unit similar to control unit 
90 was implanted. The control unit was configured to apply biphasic stimulation 
electrical pulses continuously (i.e., 10 times a second, every second of the day, every day 
until programmed off by a medical professional) for a period having a duration of three 
months. The pulses had a voltage of between 3.2 to 4.1 volts (5 mA - 35 mA, depending 
10 on the tissue impedance), and were applied 10 times every second (i.e., at a frequency of 
10 Hz). Each pulse included positive and negative phases, each of which phases had a 
duration of either 30.5 or 61 microseconds, depending on the electrode-tissue interface 
impedance. The control unit did not measure blood glucose, and the signal was thus not 
modulated or withheld responsive to blood glucose levels. 

15 After three months of chronic treatment, all four of the subjects showed an 

improvement in postprandial glucose control, as reflected by the ratio of insulin to 
glucose, and glucose level. After three months of signal application, as described above, 
all four subjects were fed a test meal consisting of two slices of toast, 10 g butter, 20 g 
marmalade, two scrambled eggs, and one slice of cheese. Insulin and glucose levels were 

20 measured beginning 15 minutes before the meal, and eight times during the four-hour 
period after the meal. In addition, C-peptide, and four hormones related to the 
gastrointestinal system (as defined hereinabove) were also measured: ghrelin, glucagon, 
pancreatic polypeptide, and glucagon-like peptide- 1 (GLP-1). As a control, the subjects 
were fed the same meal prior to implantation of the device ("pre-op"). 

25 The curves shown in Fig. 9A reflect the ratio of insulin to blood glucose at the 

measured time points, on average for the four subjects. As can be seen in the graph, the 
postprandial ratio of insulin to glucose increased after three months of signal-application 
compared to prior to application of the signal (pre-op). The improvement was particularly 
pronounced beginning at 60 minutes after the meal, and through the end of the 

30 measurement period (4 hours after the meal). 

The curves shown Fig. 9B reflect blood glucose levels at the measured time 
points, on average for the four subjects. As can be seen in the graph, the area under the 
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curve was lower after three months of signal-application compared to prior to application 
of the signal (pre-op). The improvement was particularly pronounced beginning at 60 
minutes after the meal, and through the end of the measurement period (4 hours after the 
meal). 

5 The following table shows measurements for glucose and C-peptide, and five 

hormones related to the gastrointestinal system, and/or associated with glycemic control 
and/or a metabolic disorder (e.g., metabolic syndrome): insulin, ghrelin, glucagon, 
pancreatic polypeptide, and GLP-1. The values in the table reflect the average (and 
Standard Error of Measurement (SEM)) areas under the curve (AUC) of all four subjects 
10 (except for GLP-1, which could be measured in only two of the subjects) over the 
postprandial period beginning 15 minutes before conmiencement of the meal and ending 4 
hours after the meal. 



TABLE 2 





Area Under the Curve 


Baseline (SEM) 


3 months (SEM) 


Glucose (mg/dl/min) 


38,619 (5527) 


32,290 (2509) 


Insulin (U/lit/min) 


5338 (1872) 


5845 (1963) 


Ghrelin (pg/ml/min) 


160,413(11607) 


155,953(11804) 


C-peptide (ng/ml/min) 


223 (39) 


234 (35) 


Glucagon (Pg/mL/min) 


11,929(1166) 


11,639(1834) 


Pancreatic polypeptide (pmol/L/min) 


31,699 (6045) 


34,668 (6606) 


GLP-1 (pmol/L/min) 


352 (211) 


441 (255) 



As can be seen in the table, all of the measured values reflect positive trends and 
15 improved levels, indicative of improved glycemic control in diabetic patients. In 
particular: 

• the AUC of glucose tended to be lower following treatment; 

• the AUC of insulin tended to be higher following treatment; 
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• the AUC of ghrelin tended to be lower following treatment. Fasting levels 
of ghrelin also tended to be lower after treatment; 

• the AUC of C-peptide tended to be higher following treatment. In 
particular, the AUC of C-peptide tended to be higher in the first hour after 

5 the meal following treatment; 

• the AUC of glucagon tended to be lower following treatment. In 
particular, the AUC of glucagon tended to be lower during the first 90 
minutes after the meal following after treatment; 

• the AUC of pancreatic polypeptide (PP) tended to be higher following 
10 treatment. In addition, fasting levels of PP tended to be higher following 

treatment; 

• the AUC of GLP-1 tended to be higher after treatment; and 

• the AUC of peptide YY (PYY) (not shown in the table) did not change 
meaningfully following treatment. 

15 For some applications, the control unit is configured to configure one or more 

parameters of the electrical signal to cause one or more of the improvements set forth 
above, and/or activating the control unit comprises configuring one or more parameters of 
the electrical signal to cause one or more of the improvements set forth above. For some 
applications, the control unit is configured to configure one or more parameters of the 

20 electrical signal to cause an improvement in a level (e,g,, a postprandial level and/or a 
fasting level) of at least one hormone, such as a hormone related to (e.g., secreted by) the 
gastrointestinal system (e.g., stomach, such as the fundus and/or the antrum, the pancreas, 
and/or the duodenum), and/or a hormone associated with glycemic control and/or a 
metabolic disorder (e.g., metabolic syndrome), including, but not limited to, the hormones 

25 discussed above, and/or activating the control unit comprises configuring one or more 
parameters of the electrical signal to cause such an improvement in the level of the at least 
one hormone. For some applications, the improvement is a normalization of secretion, 
expression, and/or blood level of the at least one hormone. For some applications, the 
electrical signal causes a simultaneous improvement in a plurality of such hormones, such 

30 as normalization of secretion, expression, and/or blood levels of the hormones. For 
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example, the electrical signal may upregulate some of the hormones and downregulate 
others, as is therapeutically beneficial. 

For some applications, the improvement includes one or more of the following 
improvements: 

5 • an improvement (e.g., an increase) in a level (e.g., a postprandial and/or 

fasting level) of insulin; 

• an improvement (e.g., a decrease) in a level (e.g., a postprandial and/or 
fasting level) of ghrelin; 

• an improvement (e.g., a decrease) in a level (e.g., a postprandial and/or 
10 fasting level) of glucagon; 

• an improvement (e.g., an increase) in a level (e.g., a postprandial and/or 
fasting level) of pancreatic polypeptide; 

• an improvement (e.g., an increase) in a level (e.g., a postprandial and/or 
fasting level) of GLP-1; and/or 

15 • an improvement (e.g., an increase) in a level (e.g., a postprandial and/or 

fasting level) of C-peptide. 

For some applications, the glucose level improvement signal described herein is 
applied (e.g., to the fundus) in combination with application of a separate stimulation 
signal. For example, the separate stimulation signal may be configured to increase a force 
20 of contraction of muscle of the stomach, such as using techniques described in above- 
mentioned US Patent 6,600,953 to Flesler et al. Optionally, the signal is an Excitable- 
Tissue Control (ETC) signal, as described in the *953 patent. 

Figs. lOA-F are schematic illustrations of gastric control apparatus 180, in 
accordance with respective applications of the present invention. For some applications, 

25 apparatus 180 applies electrical energy to modify the activity of a portion of the 
gastrointestinal tract of a patient. Apparatus 180 typically comprises an implantable or 
external control unit 190, and one or more electrodes 200 coupled to control unit 190 by 
respective leads 202. For some applications, electrodes 200 are configured to be coupled 
to respective sites on or in a stomach 20 of a patient. Typically, the electrodes are 

30 configured to be inserted into a muscular layer of the stomach. In general, the specific 
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sites on the antrum and corpus shown in the figures are exemplary, and the electrodes may 
be applied to other sites on the antrum and corpus. 

Electrodes 200 are typically configured to be coupled to the serosal layer of 
stomach 20 and/or inserted into the muscular layer of the stomach. Alternatively or^ 
5 additionally, the electrodes are coupled elsewhere on the gastrointestinal tract, or to other 
suitable locations in or on the patient's body. The number of electrodes, as well as the 
positions thereof, are shown in Figs. lOA-F by way of example, and other sites on 
stomach 20 or in or on the patient's body are appropriate for electrode placement in other 
applications of the present invention. Different types of electrodes known in the art are 

10 typically selected based on the specific condition of the patient's disorder, and may 
comprise stitch, coil, screw, patch, basket, needle and/or wire electrodes, or substantially 
any other electrode known in the art of electrical stimulation or sensing in tissue. For 
some applications, the electrodes comprise bipolar electrodes, while for other applications 
the electrodes comprise monopolar electrodes. For some applications in which , the 

15 electrodes comprise bipolar electrodes, the cathode and anode are placed between 1 and 4 
cm apart from each other (e.g., between 2 and 4 cm apart for applying the non-excitatory 
signal, and between 1 and 4 cm apart for applying the pacing signal or the neural 
activation signal). For some applications, the electrodes are sutured to muscle tissue. 

Control unit 190 drives electrodes 200 to apply signals to the GI tract, such as 
20 stomach 20. For some applications, the control unit configures the signals pace peristaltic 
movement of material through the GI tract, such as through the stomach. The signals 
include a non-excitatory signal, such as an Excitable-Tissue Control (ETC) signal, and in 
addition, for some applications, an excitatory pacing signal. The pacing signal initiates 
contraction of the muscle of the GI tract by generating slow waves (propagating action 
25 potentials) in the muscle, while the non-excitatory signal modulates, e.g., increases, the 
contraction of the muscle, while not generating a propagating action potential in the 
tissue. For some applications, the non-excitatory signal modulates contraction forces 
induced by the pacing signal, while for other applications, the non-excitatory signal 
modulates contraction forces occurring naturally in the GI tract. 

30 When applying an ETC signal, control unit 190 may use techniques described in 

the above-referenced US Patents 6,571,127 and 6,317,631, mutatis mutandis. For some 
applications, the ETC signal is applied responsive to natural electrical activity of stomach 
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20, for example, after a designated delay following a detected activation of a portion of 
the stomach. For these applications, described may be used that are described in the 
above-referenced US Patent 6,587,721 to Prutchi et al., mutatis mutandis. Alternatively, 
the ETC signal is applied subsequent to an artificial gastric pacing pulse, as described 
5 hereinbelow. 

For some applications, control unit 190, electrodes 200, and the various sensors 
described herein are implanted in the patient in a manner generally similar to that used to 
implant gastric pacemakers or other apparatus for stimulating the gastrointestinal tract 
which are known in the art. For some applications, implantation techniques may be used 
10 that are described in PCT PubUcation WO 07/080595, and in US Patent Application 
12/160,616 in the national stage thereof, both of which are incorporated herein by 
reference. As appropriate, techniques described in one or more of the patents cited in the 
Background section of the present patent application may be adapted for use with these 
embodiments of the present invention. 

15 For the applications described herein with reference to Figs. lOA-F and/or 11, 

apparatus 180 may have a number of configurations, including the following 
configurations. 

Configuration 1 

Reference is again made to Fig. lOA. In this configuration of apparatus 180, a set 
20 of bipolar electrodes 2iOOA and 200B are placed at antrum 26 of stomach 20. Electrodes 
200A and 200B are coupled to control unit 190 by leads 202A and 202B, respectively. 
For some applications, one of the electrodes 200A is placed on an anterior wall of antrum 
26, and the other electrode 200B is placed on the posterior wall of the antrum 26. 

For some applications, control unit 190 is configured to drive the electrodes to 
25 apply a non-excitatory signal, such as an ETC signal, to the antrum. The non-excitatory 
signal modulates, e.g., increases, the contraction of the muscle, while not generating a 
propagating action potential in the tissue. 

For some applications, the control unit configures the non-excitatory signal with 
one or more of the following parameters: 

30 •a pulse width of between 3 and 12 ms, such as between 5 and 8 ms, e.g., 5 

ms or 6 ms; 
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• an amplitude of between 10 and 20 mA, such as between 10 and 13 mA 
(because an amplitude of greater than between 13 and 15 mA usually (but 
not always) is felt by the patient, it is generally desirable to limit the 
amplitude to no more than the sensation threshold of the particular 

5 patient); 

• biphasic pulses, delivered in pulse trains of between 10 and 1000 pulses, 
such as between 20 and 200 pulses, e.g., between 50 and 150 pulses, such 
as between 20 and 120 pulses, e.g., 100 pulses, with a delay between 
pulses within a given train of between 0 and 500 ms, such as between 0.1 

10 and 500 ms, such as between 0.25 and 100 ms, e.g., 0.25 ms or 2.5 ms, 

with a total train duration of between 2 and 3000 ms; and/or 

• each pulse train includes on/off modulation, with on periods having a 
duration of between 5 and 20 minutes, such as between 10 and 15 minutes, 
and off periods having a duration of between 5 and 20 minutes, such as 

15 between 10 and 15 minutes; for example, each pulse train may begin with 

an on period of 15 minutes, followed by three on periods of 10 minutes 
each, with off periods of 10 minutes between each on period. 

Typically, the control unit applies each pulse train after a short delay (e.g., 
between 100 ms and 10 seconds, such as between 100 ms and 2 seconds) after detection 

20 of a natural electrical event indicative that a slow wave has occurred in the antrum. Such 
electrical events may be detected using electrodes 200A and/or 200B, and/or using a 
separate local sense electrode, as described hereinbelow with reference to Fig. 1 1 . (These 
detection techniques may be used for all techniques described herein that comprise 
detecting slow waves.) For some applications, the control unit is configured to have a 

25 refractory period (e.g., of 8 to 10 seconds) after application of each pulse train, during 
which the device does not apply a subsequent pulse train. 

For some applications, the control unit is configured to deliver the stimulation 
during eating, and for a specific time after eating, by the subject. The control unit may be 
configured to detect such eating, such as using sensors and techniques described 
30 hereinbelow with reference to Fig. 11, or to receive an input from the patient manually 
activating the signal application, for example, upon experiencing a severe symptom, such 
as nausea. Typically, the control unit is configured to deliver the stimulation for a period 
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having a duration of between 0.5 and 4 hours, beginning after commencement of eating. 
Alternatively, the control unit is configured to apply the stimulation at certain time(s) of 
day. This approach obviates the need for an eating detection sensor and its associated 
lead, and also eliminates the need for patient compliance^ and an associated external 
5 manual controller device. 

Application of an ETC signal at these antral sites has been shown in the above- 
mentioned article by Sanmiguel et al. to increase gastric emptying in patients. In addition, 
application of such an ETC signal to the stomach has been shown in the above-mentioned 
article by Bohdjalian et al. (2006) to increase muscle contraction force. 

10 Alternatively, for some applications both bipolar electrodes 200 A and 200B are 

implanted in the anterior wall of the antrum (configuration not shown). Surgical 
procedures for implanting electrodes in the anterior wall are generally simpler than those 
for implanting electrodes on both the anterior and posterior walls of the antrum. 

Further alternatively, for some applications, a single bipolar electrode 200 is 
15 implanted in the anterior wall of the antrum (configuration not shown). The use of a 
single bipolar electrode simplifies the surgical implantation procedure and reduces the 
cost of the procedure. 

Still further alternatively, a single bipolar bifurcated lead 202 is used, and one of 
the electrodes of the bifurcated lead is implanted in the anterior wall of the antrum, and 
20 the other electrode in the posterior wall of the antrum (configuration not shown). Use of 
such a bifurcated lead causes activation of a large portion of the entire antrum using a 
single lead. 

Yet further additionally, two leads 202 are provided, each of which comprises a 
single unipolar electrode 200, respectively (configuration not shown). One of the 
25 electrodes is implanted in the anterior wall of the antrum, and the other electrode is 
implanted in the posterior wall of the antrum. 

Configuration 2 

Reference is still made to Fig. lOA. In this configuration, control unit 190 is 
configured to drive electrodes 200A and 200B to apply an excitatory pacing signal to 
30 antrum 26. The pacing signal initiates contraction of the muscle of the antrum by 
generating a propagating action potential in the muscle, 
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For some applications, the control unit configures the pacing signal with one or 
more of the following parameters: 

• a pulse width of between 50 and 400 ms, such as between 100 and 300 ms; 
and/or 

5 •an amplitude of between 2 and 20 mA, such as between 2 and 20 mA, such 

as between 4 and 12 mA. 

Alternatively, the pacing signal is delivered as a pulse train, e.g., having pulse 
durations of 4-6 ms, an amplitude of 1-10 mA, a frequency of 10-40 Hz, modulated on 
and off with a ratio of 0.5-5 seconds to 4-10 seconds, respectively, an inter-train interval 
10 of between 15 and 30 seconds, an inter-pulse interval (between consecutive pulses in the 
same train) of between 0.1 and 500 ms, such as between 0.25 and 190 ms, and/or as 
described in the above-mentioned article by Yang et al. 

Application of a pacing signal at these antral sites (as well as in the corpus at 10 to 
16 cm from the pylorus, along the greater curvature) has been shown in the above- 
15 mentioned article by Lin et al. to normalize gastric electrical activity (slow waves), and 
increase gastric emptying in patients suffering from gastroparesis. 

Alternatively, the control unit configures the pacing signal with one or more of the 
following parameters: 

• a pulse train of pulses having a width of between 3 and 10 ms, such as 
20 between 4 and 6 ms; 

• an amplitude of between 1 and 10 mA; 

• a frequency of between 10 and 40 Hz; and/or 

• and on/off modulation with a ratio of 0.5 to 5 seconds to 4 to 10 seconds, 
respectively; for example, the signal may have the parameters specified in 

25 the above three bullets, and be applied for a fixed time, such as 0,5 

seconds, then not applied for a fixed time, such as 4 seconds. 

Application of such a pacing signal at a site 10 cm from the pylorus along the 
greater curvature of the corpus has been shown in the above-mentioned article by Yang et 
al. to normalize gastric slow waves. 
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Configurations 

Reference is still made to Fig, lOA. In this configuration, control unit 190 is 
configured to drive electrodes 200A and 200B to apply to antrum 26 an excitatory pacing 
signal, followed by a non-excitatory signal, such as an ETC signal. The pacing signal 
5 initiates contraction of the muscle of the antrum by generating a propagating action 
potential in the muscle, while the non-excitatory signal modulates, e.g,, increases, the 
contraction of the muscle, while not generating a propagating action potential in the 
tissue. For example, the control may apply the non-excitatory signal between 0.1 and 5 
seconds after applying the pacing signal. The control unit typically uses the parameters 
10 described above for applying the non-excitatory signal (Configuration 1) and pacing 
signal (either of the sets of parameters described above for Configuration 2). 
Alternatively, separate electrodes are used to apply the pacing and non-excitatory signals. 

Application of an ETC signal at these antral sites has been shown in the above^ 
mentioned article by Sanmiguel et al. to increase gastric emptying in patients. 

15 Application of a pacing signal at these antral sites has been shown in the above-mentioned 
article by Lin et al. to normalize gastric electrical activity (slow waves), and increase 
gastric emptying in patients suffering from gastroparesis. Normalizing the slow waves 
enables proper timing of the application of the non-excitatory signal for applications in 
which the non-excitatory signal is applied after a delay from detection of a slow wave, as 

20 described hereinabove. 

Alternatively, any of the alternative configurations described above for 
Configuration 1 for configuration and placement of the electrodes may be used. 

Configuration 4 

Reference is now made to Fig. lOB. This configuration of apparatus 180 is 
25 identical to Configuration 1 described above, except that electrodes 200 are placed on 
stomach 20 at the border between antrum 26 and a corpus 24. Placement at this location 
generally stimulates more tissue of stomach 20 than does placement on the antrum. 

For some applications, one of the electrodes 200A is placed on an anterior wall of 
antrum 26, and the other electrode 200B is placed on the posterior wall of the antrum 26. 
30 Alternatively, any of the alternative configurations described above for Configuration 1 
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for configuration and placement of the electrodes may be used, with the electrodes placed 
at the border between the antrum and the corpus. 

Configuration 5 

Reference is still made to Fig. lOB. This* configuration of apparatus 180 is 
5 identical to Configuration 2 described above, except that electrodes 200 are placed on 
stomach 20 at the border between antrum 26 and corpus 24. Electrical conduction and 
mechanical contraction usually occur from the corpus to the antrum. Placing the 
electrodes between the corpus and the antrum may prevent retrograde conduction when 
pacing in the antrum and elicit a more physiological conduction and contraction response 
10 (distal to proximal). 

Alternatively, any of the alternative configurations described above for 
Configuration 2 for configuration and placement of the electrodes may be used. 

Configuration 6 

Reference is still made to Fig. lOB. This configuration of apparatus 180 is 
15 identical to Configuration 3 described above, except that electrodes 200 are placed on 
stomach 20 at the border between antrum 26 and corpus 24, In addition to the rationale 
given for Configuration 3 above, this configuration provides a more physiological 
conduction/contraction flow by being more distal on the stomach. 

Alternatively, any of the alternative configurations described above for 
20 Configuration 3 for configuration and placement of the electrodes may be used. 

Configuration 7 

Reference is now made to Fig. IOC. In this configuration of apparatus 180, 
bipolar electrode 200A is placed at corpus 24 of stomach 20 near the stomach's natural 
pacemaker, and bipolar electrode 200B is placed at antrum 26 of stomach 20. For some 

25 applications, bipolar electrode 200A is placed on the anterior wall of corpus 24, and 
bipolar electrode 200B is placed on the posterior wall of antrum 26, as shown in the 
figure. Alternatively, both electrodes are placed on the anterior wall of the stomach, both 
electrodes are placed on the posterior wall of the stomach, or electrode 200B is placed on 
the posterior wall of the corpus and electrode 200A is placed on the anterior wall of the 

30 antrum. 
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Control unit 190 is configured to drive electrode 200B to apply an excitatory 
pacing signal to corpus 24, and to drive electrode 200A to apply a non-excitatory signal to 
antrum 26, such as an ETC signal. The pacing signal initiates contraction of the muscle of 
the corpus by generating a propagating action potential in the muscle, while the non- 
5 excitatory signal modulates, e.g., increases, the contraction (slow wave) when it arrives in 
the antrum, while not generating a propagating action potential in the tissue. The control 
unit typically uses the parameters described above for applying the non-excitatory signal 
(Configuration 1) and pacing signal (either of the sets of parameters described above for 
Configuration 2). 

10 For some applications, the control unit is configured to provide a delay between 

pacing at the corpus and applying the non-excitatory signal to the antrum, in order to 
allow for conduction of the pacing-triggered slow wave fi-om the corpus to the antrum. 
Typically, the delay has a duration of at least 10 seconds, such as at least 18 seconds, e.g., 
between 5 seconds and 25 seconds, such as between 8 seconds and 20 seconds. 

15 Alternatively, the control unit is configured to apply the signal to the antrum after 

detecting arrival of the slow wave induced by pacing in the corpus. Electrical events 
associated with the slow wave may be detected using electrodes 200B, and/or using a 
separate local sense electrode, as described hereinbelow with reference to Fig. 1 1 . 

For some applications, the control unit is configured to deliver the stimulation 
20 during eating, and for a specific time after eating, by the subject. The control unit may be 
configured to detect such eating, such as using sensors and techniques described 
hereinbelow with reference to Fig. 11, or to receive an input from the patient manually 
activating the signal application, for example, upon experiencing a severe symptom, such 
as nausea. Typically, the control unit is configured to deliver the stimulation for between 
25 0.5 and 4 hours after commencement of eating. Alternatively, the control unit is 
configured to apply the stimulation at certain time(s) of day. This approach obviates the 
need for an eating detection sensor and its associated lead, and also eliminates the need 
for patient compliance, and an associated external manual controller device. 

Pacing in the corpus near the site of the stomach's natural pacemaker has been 
30 shown in the above-mentioned article by Lin et al. to normalize slow waves and slow 
wave propagation in patients suffering from gastroparesis. Application of an ETC signal 
in the antrum has been shown in the above-mentioned articles by Bohdjalian et al. (2006 
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and 2009) to increase gastric contractility and strengthen contractions. In addition, 
application of an ETC signal in the antrum has been shown in the above-mentioned article 
by Sanmiguel et al. to increase gastric emptying in patients. Normalizing the slow waves 
enables proper timing of the application of the non-excitatory signal after a delay from 
5 initiation of a slow wave in the corpus. 

Alternatively, lead 202B is bifurcated, and one of the electrodes of the bifurcated 
lead is implanted in the anterior wall of the antrum, and the other electrode in the 
posterior wall of the antrum (configuration not shown). Alternatively or additionally, 
lead 202A is bifurcated, and one of the electrodes of the bifurcated lead is implanted in 
10 the anterior wall of the corpus, and the other electrode in the posterior wall of the corpus 
(configuration not shown). Use of such bifurcated leads causes activation of a large 
portion of the entire antrum or corpus using a single lead. 

Further alternatively, a set of two bipolar electrodes 200B are placed on antrum 
26, such that one of the bipolar electrodes is implanted on the anterior wall of the antrum, 
15 and the other bipolar electrode is implanted on the posterior wall of the antrum. 
Alternatively or additionally, a set of two bipolar electrodes 200A are placed on corpus 
24, such that one of the bipolar electrodes is implanted on the anterior wall of the corpus, 
and the other bipolar electrode is implanted on the posterior wall of the corpus. 

Alternatively or additionally, a set of two bipolar electrodes 200A are placed on 
20 corpus 24, such that one of the bipolar electrodes is implanted on the lesser curvature of 
the corpus, and the other electrode along the greater curvature of the corpus (such as 
shown in Fig. lOD). Stimulation with this placement generally causes activation of a 
large portion of the corpus. Also, the vagus nerve innervation of the stomach is 
concentrated at a location in the lesser curvature, such that vagus stimulation in this area 
25 may help control obesity. 

Alternatively, any of the alternative configurations described above for 
Configuration 2 for configuration and placement of the electrodes may be used. 

Configuration 8 

Reference is still made to Fig. IOC. In this configuration, bipolar electrode 200A 
30 is placed at corpus 24 of stomach 20 near the stomach's natural pacemaker, and bipolar 
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electrode 200B is placed at antrum 26 of stomach 20, such as described above for 
Configuration 7. 

Control unit 190 is configured to drive bipolar electrode 200B to apply an 
excitatory pacing signal to corpus 24, followed by a non-excitatory signal, such as an ETC 
5 signal. The pacing signal initiates contraction of the muscle of the corpus by generating a 
propagating action potential in the muscle, while the non-excitatory signal modulates, 
e.g., increases, the contraction of the muscle, while not generating a propagating action 
potential in the tissue. For example, the control may apply the non-excitatory signal 
between 0.1 arid 5 seconds after applying the pacing signal. The control unit typically 
10 uses the parameters described above for applying the non-excitatory signal (Configuration 

1) and pacing signal (either of the sets of parameters described above for Configuration 

2) . 

For some applications, in addition to applying the excitatory and non-excitatory 
signals to the corpus, control unit 190 drives bipolar electrode 200A to apply an excitatory 

15 pacing signal to antrum 26, followed by a non-excitatory signal, such as an ETC signal. 
The pacing signal initiates contraction of the muscle of the antrum by generating a 
propagating action potential in the muscle, while the non-excitatory signal modulates, 
e.g., increases, the contraction of the muscle, while not generating a propagating action 
potential in the tissue. For example, the control may apply the non-excitatory signal 

20 between 0.1 and 5 seconds after applying the pacing signal. The control unit typically 
uses the parameters described above for applying the non-excitatory signal (Configuration 

1) and pacing signal (either of the sets of parameters described above for Configuration 

2) . 

Alternatively, for some applications, after applying the excitatory and non- 
25 excitatory signals to the corpus, control unit 190 drives bipolar electrode 200A to apply a 
non-excitatory signal to antrum 26, such as an ETC signal. The non-excitatory signal 
modulates, e.g., increases, the contraction (slow wave) when it arrives in the antrum, 
while not generating a propagating action potential in the tissue. The control unit 
typically uses the parameters described above for applying the non-excitatory signal 
30 (Configuration 1). 

In addition, for some applications, the control unit is configured to provide a delay 
between pacing at the corpus and pacing (or application of the non-excitatory signal, in 
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the case of the alternative applications) at the antrum, in order to allow for conduction of 
the pacing-triggered slow wave from the corpus to the antrum. Typically, the delay has a 
duration of at least 10 seconds, such as at least 15 seconds, e.g., between 5 seconds and 25 
seconds, such as between 8 seconds and 20 seconds. Alternatively, the control unit is 
5 configured to simultaneously or nearly simultaneously (i.e., within 1 second of 
commencement of applying the excitatory signal to the corpus) drive the pacing at the 
corpus and the pacing (or application of the non-excitatory signal, in the case of the 
alternative applications) at the antrum. 

For some applications, the control unit is configured to deliver the stimulation 
10 during eating, and for a specific time after eating, by the subject. The control unit may be 
configured to detect such eating, such as using sensors and techniques described 
hereinbelow with reference to Fig. 11, or to receive an input from the patient manually 
activating the signal application, for example, upon experiencing a severe symptom, such 
as nausea. Typically, the control unit is configured to deliver the stimulation for between 
15 0.5 and 4 hours after commencement of eating. Alternatively, the control unit is 
configured to apply the stimulation at certain time(s) of day. This approach obviates the 
need for an eating detection sensor and its associated lead, and also eliminates the need 
for patient compliance, and an associated external manual controller device. 

Neural stimulation has been shown in the above-mentioned article by van der 
20 Voort et aL to relieve symptoms of nausea and vomiting in gastroparesis patients. 

Alternatively, lead 202B is bifurcated, and one of the electrodes of the bifurcated 
lead is implanted in the anterior wall of the antrum, and the other electrode in the 
posterior wall of the antrum (configuration not shown). Alternatively or additionally, 
lead 202A is bifurcated, and one of the electrodes of the bifurcated lead is implanted in 
25 the anterior wall of the corpus, and the other electrode in the posterior wall of the corpus 
(configuration not shown). Use of such bifurcated leads causes activation of a large 
portion of the entire antrum or corpus using a single lead. 

Further alternatively, a set of two bipolar electrodes 200B are placed on antrum 
26, such that one of the bipolar electrodes is implanted on the anterior wall of the antrum, 
30 and the other bipolar electrode is implanted on the posterior wall of the antrum. 
Alternatively or additionally, a set of two bipolar electrodes 200A are placed on corpus 
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24, such that one of the bipolar electrodes is implanted on the anterior wall of the corpus, 
and the other bipolar electrode is implanted on the posterior wall of the corpus. 

Alternatively or additionally, a set of two bipolar electrodes 200A are placed on 
corpus 24, such that one of the bipolar electrodes is implanted on the lesser curvature of 
5 the corpus, and the other electrode along the greater curvature of the corpus (such as 
shown in Fig. lOD). Stimulation with this electrode placement generally causes activation 
of a large portion of the corpus. Also, the vagus nerve innervation of the stomach is 
concentrated at in the lesser curvature, such that vagus stimulation in this area may help 
control obesity. 

10 Alternatively, any of the alternative configurations described above for 

Configuration 2 for configuration and placement of the electrodes may be used. 

Configuration 9 

This configuration is identical to Configuration 3, except that electrodes are placed 
on the corpus of the stomach, and control unit 190 is configured to drive the electrodes to 
15 apply to the corpus an excitatory pacing signal, followed by a non-excitatory signal, such 
as an ETC signal. The pacing signal initiates contraction of the muscle of the corpus by 
generating a propagating action potential in the muscle, while the non-excitatory signal 
modulates, e.g., increases, the contraction of the muscle, while not generating a 
propagating action potential in the tissue. For example, the control may apply the non- 
20 excitatory signal between 0.1 and 5 seconds after applying the pacing signal. The control 
unit typically uses the parameters described above for applying the non-excitatory signal 
(Configuration 1) and pacing signal (either of the sets of parameters described above for 
Configuration 2). 

Alternatively, control unit 190 is configured to drive the electrodes to apply the 
25 non-excitatory signal, such as the ETC signal, to the corpus, without also applying the 
pacing signal to the corpus. For some applications, the control unit applies the signal after 
a delay from a sensed slow wave in the corpus or antrum, as described hereinbelow in 
Configuration 14. 

Application of the non-excitatory signal to the corpus, with or without the pacing 
30 signal, modulates the force the region produces, and improves the electro-mechanical 
coupling in the corpus. 
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Alternatively, any of the alternative configurations described above for 
Configuration 1 for configuration and placement of the electrodes may be used. 

Configuration 10 

Reference is now made to Fig. lOD. In this configuration, two bipolar electrodes 
5 200B are applied to the anterior and posterior walls of antrum 26, as in Configuration 1. 
In addition, two bipolar electrodes 200A are applied to corpus 24, such that one of the 
bipolar electrodes is implanted on the lesser curvature of the corpus, and the other 
electrode along the greater curvature of the corpus. Stimulation with this placement 
generally causes activation of a large portion of the corpus. For some applications, the 

10 two bipolar electrodes are placed on the corpus between 8 and 10 cm apart from each 
other. The bipolar electrode along the lesser curvature of the corpus may be placed 
between 8 and 10 cm from the closest electrode in the antrum, and the electrode along the 
greater curvature of the corpus may be placed between 10 and 13 cm from the closest 
electrode in the antrum. Alternatively or additionally, the antrum electrodes are placed on 

15 the border between the corpus and antrum, such as shown in Fig. lOB. 

Configuration 11 

Reference is now made to Fig. ICE. This configuration is similar to that of 
Configuration 7 (shown in Fig. IOC), except that two bipolar electrodes 200B are applied 
to the anterior and posterior walls of antrum 26, as in Configuration 1, and two bipolar 
20 electrodes 200A are applied to the anterior and posterior walls of corpus 24, typically 
along the greater curvature of the corpus. Alternatively or additionally, the antrum 
electrodes are placed on the border between the corpus and antrum, such as shown in Fig. 
lOB. 

Configuration 12 

25 Reference is now made to Fig. lOF. This configuration is similar to that of 

Configuration 11 (shown in Fig. lOE), except that in addition, two bipolar electrodes 
200C are applied to the anterior and posterior walls of corpus 24 along the less curvature 
of the corpus. Alternatively or additionally, the antrum electrodes are placed on the 
border between the corpus and antrum, such as shown in Fig. lOB. 

30 Configuration 13 

71 



wo 2011/092710 



PCT/IL2011/000116 



In this configuration, the techniques of Configurations 7, 8, 9, 10, 11, or 12 are 
used, except as follows. The control unit is configured to deliver the stimulation during 
eating, and for a specific time after eating, by the subject. The control unit may be 
configured to detect such eating, such as using sensors and techniques described 
5 hereinbelow with reference to Fig. 11, or to receive an input fi-om the patient manually 
activating the signal application, for example, upon experiencing a severe symptom, such 
as nausea. Typically, the control unit is configured to deliver the stimulation for between 
0.5 and 4 hours after commencement of eating. Alternatively, the control unit is 
configured to apply the stimulation at certain time(s) of day. 

10 At other times, control unit 190 is configured drive one or more electrodes to 

apply a neural modulation signal to corpus 24, such as to the lesser curvature of the 
corpus, or near the natural pacemaker site (10 cm from pylorus along greater curvature at 
the Musularis Propia. Typically, the signal is applied with pulses having a duration of 
200-400 microseconds (e.g., 300 microseconds), an amplitude of 2 to 8 mA, a frequency 

15 of 10 to 20 Hz, and modulated on and off with a ratio of between 0.5 and 3 seconds to 
between 2 and 7 seconds, respectively. Such stimulation is believed to cause afferent 
activation of the vagus nerve, and to treat symptoms of gastroparesis, such as nausea, 
dizziness, and/or vomiting. Alternatively, the neural modulation signal is applied at 
substantially all times (including during eating), at pre-defined times (regardless of eating, 

20 or only not during eating), or on-demand by the patient. 

Neural stimulation has been shown in the above-mentioned article by van der 
Voort et al. to relieve symptoms of nausea and vomiting in gastroparesis patients. 

Alternatively, during eating, the control unit is configured to apply the signals 
described above as being applied to the antrum (Configurations 1-6), rather than applying 
25 signals to the corpus. 

Configuration 14 

Reference is again made to Figs. lOC-F. In this configuration, the techniques of 
Configuration 7, 8, 9, 10, 1 1, or 12 are used, except that control unit 190 is configured to 
drive bipolar electrode 200A to apply a non-excitatory signal, such as an ETC signal, to 
30 corpus 24, and bipolar electrode 200B to apply a non-excitatory signal to antrum 26. The 
control unit typically uses the parameters described above for applying the non-excitatory 
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signal (Configuration 1). In this configuration, the control unit does not drive the 
electrodes to apply a pacing signal to either the corpus or the antrum. 

For some applications, the control unit is configured to apply the non-excitatory 
signal to the corpus after a delay after sensing a slow wave. The delay may be measured: 

5 • from the sensing of a slow wave in the corpus, in which case the delay 

may be between 0.1 and 10 seconds, such as between 1 and 2 seconds, for 
example; or 

• from the sensing of a slow wave in the antrum, in which case the delay 
may be between 8 and 13 seconds, such as between 9 and 1 1 seconds, e.g., 

10 10 seconds; this technique may be particularly appropriate when slow 

waves are not present and/or not detectable in the corpus. 

For some applications, simultaneously, or nearly simultaneously (i.e., within 1 
second of commencement of applying the non-excitatory signal to the corpus), control 
unit 190 drives bipolar electrode 200B to apply a non-excitatory signal, such as an ETC 
IS signal, to antrum 26. 

Alternatively, control unit 190 drives bipolar electrode 200B to apply the non- 
excitatory signal to antrum 26 at a later time than the application of the non-excitatory 
signal to corpus 24. The timing of the application of the signal to the antrum may be 
performed by: 

20 • sensing the slow wave in the corpus, and waiting a delay, such as between 

8 and 13 seconds, e.g., between 9 and 11 seconds, such as 10 seconds 
(slows waves typically travel at a velocity of 1 - 1.5 cm/second in the 
stomach); or 

• sensing the slow wave in the antrum, and waiting a delay, such as between 
25 1 and 2 seconds. 

For some applications, control unit 190 is configured to attempt to detect slow 
waves in the corpus. If such slow waves are present and detectable, the control unit times 
the application of the non-excitatory signal to the corpus (and, optionally, to the antrum) 
based on delay(s) after the detection of the slow waves in the corpus. If such slow waves 
30 are not detectable, the control unit times the application of the non-excitatory signals to 
the corpus and the antrum based on respective delays after the detection of slow waves in 
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the antrum. The. inventors believe that in patients suffering from untreated gastroparesis, 
slows waves are sometimes not present or detectable in the corpus. However, after long- 
term treatment with the techniques described herein, such slow waves may become 
detectable in the corpus, as electromechanical coupling improves in the stomach muscle 
5 tissue (such as described hereinbelow with reference to Figs. 13A-B). The control unit is 
thus configured to time the application of the non-excitatory stimulation in the corpus 
based on slows waves detected in the antrum if necessary, but to prefer to base the timing 
on slow waves detected in the corpus when available. A delay from slow waves in the 
corpus is believed to provide more precise timing for the application of the signal to the 
lb corpus. 

Such stimulation enhances contraction in both the antrum and corpus, but at 
different phases of the refractory period. This may emulate normal conduction and 
contraction cycles. 

Alternatively, any of the alternative configurations described above for 
15 Configuration 7 for configuration and placement of the electrodes may be used, mutatis 
mutandis because no pacing is applied. 

Configuration 15 

Reference is again made to Fig. IOC. In yet another configuration, control unit 
190 is configured to apply a pacing signal to corpus 24 regularly, such as once every 15 to 

20 20 seconds. Control unit 190 is configured to sense slow waves in antrum 26 until the 
slow waves are normalized to the pacing in the corpus. Upon detecting such 
normalization, which generally occurs about 10 to 20 seconds, for example, after pacing 
in the corpus, control unit 190 continues to pace in the corpus, and additionally drives the 
electrodes to apply a non-excitatory signal, such as an ETC signal, to the antrum and the 

25 corpus simultaneously or nearly simultaneously (i.e., within 1 second of each other), after 
a delay from application of the pacing signal, having, for example, a duration of between 
0.1 and 5 seconds. Alternatively, the control unit applies the non-excitatory signals to the 
corpus and antrum non-simultaneously, such as between 2 and 15 seconds apart, such as 
between 5 and 10 seconds apart. 

30 For some applications, the techniques described herein for applying signals to, and 

sensing at, the corpus and antrum of the stomach are used to apply the signals described 
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hereinabove to, and sense at, a first, more proximal site of the stomach, and a second, 
more distal site of the stomach, which is typically at least 3 cm from the first proximal 
site, such as at least 5 cm, 8 cm, 10 cm, 15 cm, or 20 cm from the first proximal site. The 
signals described hereinabove as being applied to the corpus are applied to the first 
5 proximal site of the stomach, and the signals described hereinabove as being applied to 
the antrum are applied to the second distal site of the stomach. Similarly, the sensing 
described hereinabove as being performed at the corpus is performed at the first proximal 
site, and the sensing described hereinabove as being performed at the antrum is performed 
at the second distal site. For example, both the first and second sites may be on the 

10 corpus, or both the first and second sites may be on the antrum. Alternatively, one or both 
of the first and second sites may be elsewhere on the GI tract, such as the fundus of the 
stomach, the esophagus, the esophageal sphincter, the pyloric sphincter, the duodenum, 
the small intestine, or the colon. In this case, the second distal site is typically at least 3 
cm from the first proximal site, such as at least 5 cm, 8 cm, 10 cm, 15 cm, or 20 cm, 50 

15 cm, 70 cm, 100 cm, 300 cm, 500 cm, or 1000 cm from the first proximal site. For some 
applications, the control unit is configured to apply the non-excitatory signal at a plurality 
of sites with a delay between application at the sites. In addition, the control unit may be 
configured to fence for inhibiting arrhythmia. 

For some applications, the techniques described herein are applied to more than 
20 two longitudinal sites of the GI tract, such as to three, four, or more sites. 

Reference is made to Fig. 11, which is a schematic illustration gastric control 
apparatus 180 comprising additional electrodes and sensors, in accordance with an 
application of the present invention. Although the configuration of electrodes 200A and 
200B is shown as in Fig. lOE, the configurations shown in Figs. lOA-D and lOF, and 

25 described hereinabove, may also be used. As mentioned above, electrodes 200 function 
as signal-application electrodes. For some applications, electrodes 200 may also operate 
in a sensing mode. In addition, one or more dedicated local sense electrodes 174 may also 
be placed on or in stomach 20, and convey electrical signals to control unit 190 responsive 
to natural gastric electric activity, such as for detecting slow waves, as described 

30 hereinabove. In addition, one or more mechanical sensors 170 (e.g., accelerometers, force 

transducers, strain gauges, or pressure gauges) may be coupled to the control unit and are 

placed on or in the stomach. Alternatively or additionally, one or more supplemental 

sensors 172 (e.g., pH sensors, blood sugar sensors, intragastric pressure sensors and/or 

75 



wo 2011/092710 



PCT/IL2011/000116 



sonometric sensors) may be coupled to the control unit and are placed on or in the 
gastrointestinal tract or elsewhere on or in the patient's body. The control unit may 
modify the waveform applied through electrodes 200 responsive to signals from sensors 
170 and 172 and local sense electrodes 174, as described hereinbelow with reference to 
5 Fig. 12. Typically, control unit 190 and the above-mentioned electrodes and sensors are 
permanently or semi-permanently implanted in or coupled to the patient's body. 

Techniques for detecting eating may be used that are described in US Patent 
7,437,195, US Patent 733,0753, US Patent Application Publication 2009/0118797, US 
Patent Application Publication 2009/0281449, and/or PCT Publication WO 08/1 17296, all 
10 of which are incorporated herein by reference. For some applications, techniques 
described herein as detecting eating detect any eating (i.e., either solids or liquids), while 
for other applications, the control unit only applies the signals upon detecting eating of 
soUd foods, such as using the techniques described in these applications incorporated 
herein by reference. 

15 Fig. 12 is a schematic block diagram of control unit 190, in accordance with £in 

application of the present invention. Mechanical sensors 170, supplemental sensors 172, 
local sense electrodes 174, and electrodes 200 may be coupled to provide feedback signals 
to a digestive activity analysis block 180 of control unit 190. The feedback signals 
generally provide block 180 with information about various aspects of the stomach's 

20 present state (e.g., empty or full) and the stomach's level of activity, so as to enable block 
180 to analyze the signals and actuate control unit 190 to modify the electrical energy 
applied to electrodes 200 responsive to the analysis. For some applications, the 
enhancement signal is adjusted by the control unit responsive to the feedback signals in 
order to yield a desired response, e.g., an indication by mechanical sensors 170 of a 

25 desired level of muscle contraction within portion 22, or an indication by supplemental 
sensors 172 of maintenance of the patient's blood sugar level within a desired range. 

As shown in Fig. 12, digestive activity analysis block 180 typically conveys 
results of its analysis of the inputs from mechanical sensors 170, supplemental sensors 
172, and electrodes 200 to a "parameter search and tuning" block 184 of control unit 190, 
30 which iteratively modifies characteristics of the electrical energy applied to stomach 20 in 
order to attain a desired response. For some applications, operating parameters of block 
184 are entered, using operator controls 171, by a physician or other human operator of 
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the control unit. Block 184 typically utilizes multivariate optimization and control 
methods known in the art in order to cause one or more of the aforementioned 
mechanical, electrical, chemical and/or other measured parameters to converge to desired 
values. 

5 In general, each one of electrodes 200 may convey a particular waveform to 

stomach 20, differing in certain aspects from the waveforms applied by the other 
electrodes. The particular waveform to be applied by each electrode is determined by 
control unit 190, typically under the initial control of the operator. Aspects of the 
waveforms which are set by the control unit, and may differ from electrode to electrode, 

10 typically include parameters such as time shifts between application of waveforms at 
different electrodes, waveform shapes, amplitudes, DC offsets, durations, and duty cycles. 
For example, although the waveforms applied to some or all of electrodes 200 usually 
comprise a train of biphasic square waves following a natural or applied pacing pulse, 
other waveforms, such as a sinusoid, one or more monophasic square waves, or a 

15 waveform including an exponentially- varying characteristic, could be applied to other 
electrodes. Generally, the shape, magnitude, and timing of the waveforms are optimized 
for each patient, using suitable optimization algorithms as are known in the art. 

Typically, desired signal parameters are conveyed by block 184 to a signal 
generation block 186 of control unit 190, which generates, responsive to the parameters, 
20 electrical signals that are applied by electrodes 200 to the stomach. Block 186 typically 
comprises amplifiers, isolation units, and other standard circuitry known in the art of 
electrical signal generation. 

In an initial calibration procedure, parameter search and tuning block 1 84 typically 
modifies a characteristic (e.g., timing, magnitude, or shape) of the enhancement signal 

25 applied through one of electrodes 200, and then determines whether a predetermined 
response generally improves following the modification. For example, one or more of 
mechanical sensors 170 may be used to determine the extent to which the shape of 
stomach 20 changes responsive to corresponding changes in the applied enhancement 
signal. In a series of similar calibration steps, block 184 repeatedly modifies 

30 characteristics of the energy applied through each of the electrodes, such that those 
modifications that improve the response are generally maintained, and modifications that 
cause it to worsen are typically eliminated or avoided. For some applications, the 
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calibration procedure is subsequently performed by the physician at intermittent follow-up 
visits, and/or by unit 190 automatically during regular use of apparatus 180 (e.g., daily). 

For some applications, during the initial calibration procedure, the locations of one 
or more of electrodes 200 are varied while the enhancement signal is applied 
5 therethrough, so as to determine optimum placement of the electrodes. In a series of 
calibration steps, each electrode is moved over an area of stomach 20, and an appropriate 
response of the stomach is measured. After the physician considers that a sufficient 
number of sites have been investigated to characterize the area, the electrode is returned to 
the site yielding the best response. Subsequently, other electrodes, placed on, in, or near 
10 the stomach are moved according to the same protocol, so as to achieve substantially 
optimum placement of some or all of the electrodes. 

Based on results of the calibration procedure and/or an analysis of other factors 
pertaining to the patient's condition, the physician typically determines whether the ETC 
signal should be applied subsequent to an artificial pacing pulse or in response to natural 
15 electrical activity of the stomach. In the former case, the ETC signal may be applied in a 
vicinity of a site where standard gastric pacing pulses are applied. Optionally, the ETC 
signal is applied through the same electrode as that through which a gastric pacing pulse 
is applied. 

Alternatively, stomach 20 generates the gastric rhythm, substantially without 
20 artificial pacing. In such modes, local sense electrodes 174 and, optionally, some or all of 
electrodes 200, convey electrical signals to control unit 190, so as to enable parameter 
search and tuning block 184 to synchronize the electrical signals applied by electrodes 
200 with the natural electrical activity of the stomach. It will be understood that although 
electrodes 174 and 200 are shown for clarity of explanation as separate entities, a single 
25 set of electrodes may be used to perform both functions. 

Reference is now made to Figs. 13 A and 13B, which are graphs showing 
experimental results measured in accordance with an application of the present invention. 
The experiment was performed on a single human diabetic patient (who did not suffer 
from gastroparesis). Two sets of electrodes were implanted on the stomach, one set on 
30 the anterior wall of the antrum, and the second set on the posterior wall of the antrum. A 
control unit similar to control unit 190 was implanted in the patient, and configured to 
apply non-excitatory ETC stimulation to the antrum after a delay of between 100 ms and 
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4 seconds after detection of each slow wave. Each of the signals had a duration of 1200 
ms, and an amplitude of between 10 to 13 mA (with a constant voltage). The signals were 
applied in response to respective detected eating events. The stimulation was applied for 
20 weeks. 

5 Fig. 13A shows a baseline local sense signal (top graph), and a baseline 

impedance signal (bottom graph), both measured at the beginning of the experiment. Fig. 
13B shows the local sense signal and impedance signal measured after 20 weeks of 
treatment with non-excitatory stimulation during the experiment. Each of the vertical 
lines in the local sense signals represent a detected slow wave, among which are 
10 interspersed occasional spikes. The deflections in the impedance signals represent 
detected local muscle contractions, which occur corresponding to spikes in the local sense 
signal. 

As can be seen, the ratio of spikes to slow waves is greater in the local sense signal 
shown in Fig. 13B than in the local sense signal shown in Fig. 13 A, which results in a 

15 greater portion of the slow waves causing mechanical contractions in Fig. 13B and than in 
Fig. 13 A. The inventors hypothesize that this improvement is caused by greater 
electromechanical coupling caused by the long-term treatment with the device. The 
inventors further hypothesize that the stomach muscles of patients suffering from 
gastroparesis are characterized by disorganized cellular coupling, and that long-term 

20 treatment with the device improves this gastric coupling. 

In an application of the present invention, a method is provided that comprises 
identifying that a patient suffers from suboptimal electromechanical coupling in stomach 
muscle tissue, for example by diagnosing the patient suffers from gastroparesis. Such 
identifying may be performed by measuring electrical signals of the patient's stomach, or 

25 by using conventional techniques for diagnosing gastroparesis (such as measuring the rate 
of gastric emptying and/or evaluating other symptoms of gastroparesis, as is known the 
medical art). The method further comprises, in response to the identifying, improving the 
electromechanical coupling by applying a non-excitatory signal, such as an ETC signal, to 
the patient's stomach (such as to the corpus and/or the antrum, e.g., using techniques 

30 described hereinabove) at least intermittently during a period having a duration of at least 
12 weeks, such as at least 24 weeks. For example, the stimulation may be applied for at 
least 150 minutes during each day of the period. 
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For some applications, control unit 190 configures the applied signals to slow the 
speed of digestion and/or gastric emptying, by controlling the phasing of the stimulation. 
The control unit may be configured to modulate (increase or decrease) the amplitude of 
contractions. 

5 For some applications, the stimulation techniques described herein are applied to, 

or applied in combination with stimulation of, a non-gastric portion of the gastrointestinal 
tract, such as the colon, bowel, small intestine (e.g., duodenum), esophagus, esophageal 
sphincter, and pyloric sphincter. 

For some applications, the techniques described herein are used to treat one or 
10 more of the following disorders: 

• Gastroparesis 

• Diabetes (type 2 or type 1) 

• Obesity 

• Gastro-esophageal reflux disease (GERD) 
15 • Tachygastrias 

• Intestinal pseudo-obstruction 

• Nausea and/or vomiting (e.g., caused by pregnancy or chemotherapy), 
such as drug-induced nausea (e.g., chemotherapy, antibiotics, anti- 
depressants) 

20 • Functional dyspepsia-dysmotility type with normal gastric emptying 

• Gastric ulcers (acute) with nausea 

• Post-operative conditions 

• Eating disorders (e.g., anorexia nervosa, bulimia nervosa) 

• Premature infants 

25 • Drug-induced conditions (glucagon, epinephrine, morphine sulfate) 

• Functional (idiopathic) dyspepsia with delayed gastric emptying 

• Tachyarrhythmias (mix of tachygastrias and bradygastrias) 
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• Motion sickness 

• Bradygastrias 

• Drug induced-epinephrine 

• Arrhythmias 

5 • Hyperemesis gravidarum 

• Drug induced epinephrine 

• Short bowel syndrome 

• Idiopathic diarrhea 

• Irritable bowel syndrome 

10 • Constipation 

For some applications, apparatus 180 comprises a rechargeable battery, because 
applying pacing or non-excitatory signals to the smooth muscles of the stomach and GI 
tract requires substantial amount of energy, usually not well supported by conmionly 
available implantable nerves or cardiac pacemakers. The rechargeable battery supports 
15 the energy needs of chronic signal delivery by the apparatus 180. Typically, the apparatus 
comprises energy-receiving circuitry to enable wireless recharging of the battery (e.g., by 
induction or RF), without the need for wires to cross the skin, and without the need to 
frequently replace the implantable device because of battery depletion. 

For some applications, some or all of the techniques described hereinabove with 
20 reference to Figs. 10A-13B regarding apparatus 180 may be implemented in combination 
with some or all of the techniques described hereinabove with reference to Figs. 1-9B 
regarding apparatus 18. Such a combination of techniques may be beneficial, for 
example, for treating a patient who suffers from both gastroparesis and one or more of the 
conditions described hereinabove with reference to apparatus 18 (such as diabetes). For 
25 some applications, the functionalities of apparatus 180 and 18 are integrated in a single 
device (e.g., comprising a single control unit), which is configured to apply two therapies 
(e.g., using the same electrode set(s) at a single site, or a plurality of sites). For other 
applications, separate apparatus 180 and 18 are provided, as two separate devices, which 
optionally communicate with each other, such as in order to coordinate one or more 
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aspects of the therapies (e.g., a timing of the application of the separate electrical signals). 
Alternatively, the devices share a common control unit, but use separate electrode set(s). 

For some , applications, when the techniques described herein are used to treat a 
particular condition, methods of practicing the techniques comprise identifying (e.g., 
5 diagnosing) that a subject suffers from the particular condition, and applying the 
stimulation in response to the identifying. For example, the methods described herein 
may comprise identifying that a patient suffers from gastroparesis, and applying any of 
the stimulation techniques described herein responsively to the identifying. Techniques 
for diagnosing the conditions described herein are well known in the medical art. 

10 The scope of the present invention includes embodiments described in the 

following applications, which are assigned to the assignee of the present application and 
are incorporated herein by reference. In an embodiment, techniques and apparatus 
described in one or more of the following applications are combined with techniques and 
apparatus described herein: 

15 • US Provisional Patent Application 60/259,925, filed January 5, 2001, 

entitled, "Regulation of eating habits"; 

• PCT Patent Application PCT/IL02/00007, filed January 3, 2002, entitled, 
"Regulation of eating habits"; 

• PCT Patent Application PCT/ILOO/00132, filed March 5, 2000, entitled, 
20 "Blood Glucose Level Control," and US Patent Application 09/914,889 in 

the national stage thereof, which issued as US Patent 7,006,871, and US 
Patent Application 1 1/318,845, which is a division thereof; 

• PCT Patent Application PCTILOO/00566, filed September 13, 2000, 
entitled, "Blood Glucose Level Control," and US Patent Application 

25 10/237,263, filed September 5, 2002, which is a continuation-in-part 

thereof; 

• PCT Patent Application PCT/IL03/000736, filed September 4, 2003, 
entitled, "Blood Glucose Level Control," and US Patent Application 
10/526,708 in the national stage thereof, and US Patent Application 

30 10/804,560, filed March 18, 2004, which is a continuation-in-part thereof; 
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• PCT Patent Application PCT/IL04/000797, filed September 5, 2004, 
entitled, "Blood Glucose Level Control," and US Patent Application 
10/570,576 in the national stage thereof; 

• PCT Patent Application PCT/IL04/000664, filed July 21, 2004, entitled, 
5 "Gastrointestinal methods and apparatus for use in treating disorders and 

controlling blood sugar"; 

• US Patent Application 09/734,358, filed December 21, 2000, entitled, 
"Acute and chronic electrical signal therapy for obesity," which issued as 
US Patent 6,600,953; 

10 • PCT Patent Application PCT/IL05/000904, filed August 18, 2005, 

entitled, "Monitoring, analysis, and regulation of eating habits," which 
published as WO 06/01 885 1 , and US Patent Application 1 1/573,722 in the 
national stage thereof; 

• US Provisional Patent Application 60/602,550, filed August 18, 2004, 
15 entitled, "Monitoring, analysis, and regulation of eating habits"; 

• PCT Patent AppUcation PCT/IL2007/000052 to Levi et al., filed January 
14, 2007, entitled, "Electrode assemblies, tools, and methods for gastric 
wall implantation," which published as PCT Publication WO 07/080595; 

• PCT Patent Application PCT/IL2006/000198 to Ben-Haim, filed February 
20 15, 2006, entitled, "Charger with data transfer capabilities," and US Patent 

Application 1 1/816,574 in the national stage thereof; 

• PCT Patent Application PCT/IL2005/000316 to Harel et al., filed March 
18, 2005, entitled, "Gastrointestinal methods and apparatus for use in 
treating disorders and controlling blood sugar," and US Patent Application 

25 10/599,015 in the national stage thereof; 

• PCT Patent Application PCT/IL2004/000550 to Ben-Haim et al., filed 
June 20, 2004, entitled, "Gastrointestinal methods and apparatus for use in 
treating disorders," which published as PCT Publication WO 04/112563, 
and US Patent Application 10/561,491 in the national stage thereof; 
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• PCX Patent Application PCT/IL2006/000204, filed February 16, 2006, 
entitled, "Non-immediate Effects of Therapy," and US Patent Application 
1 1/884,389 in the national stage thereof; 

• PCX Patent Application PCT/US05/044557, filed December 9, 2005, 
5 entitled, "Protein Activity Modification," and US Patent Application 

1 1/792,8 1 1 in the national stage thereof; 

• PCT Patent Application PCT/US06/17281, filed May 4, 2006, entitled, 
"Protein Activity Modification," and US Patent Application 11/919,491 in 
the national stage thereof, and US Patent Application 11/802,685, filed 

10 May 25, 2007, which is a continuation-in-part thereof; 

• PCT Patent Application PCT/US2006/010911 to Policker et al., filed 
March 24, 2006, entitled, "Wireless leads for gastrointestinal tract 
applications," which published as PCT Publication WO 06/102626, and a 
US patent application filed September 24, 2007 in the national stage 

15 thereof; 

• PCT Patent Application PCT/IL2006/000644 to Policker et al., filed June 
4, 2006, entitled, "GI lead implantation," which published as PCT 
Publication WO 06/129321; 

• US Provisional Patent Application 60/916,919, filed May 9, 2007, entitled, 
20 "Analysis and regulation of food intake"; 

• US Provisional Application 61/051,901, filed May 9, 2008, entitled, 
"Optimization of filters and parameters for eating detection"; 

• PCT Patent Application PCT/IL08/000646, filed May 11, 2008, entitled, 
"Analysis and regulation of food intake," and US Patent Application 

25 12/599,350 in the national stage thereof; and/or 

• US Patent Application 12/256,819, filed October 23, 2008, entitled, 
"Optimization of thresholds for eating detection," 

It will be appreciated by persons skilled in the art that the present invention is not 
limited to what has been particularly shown and described hereinabove. Rather, the scope 
30 of the present invention includes both combinations and subcombinations of the various 
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features described hereinabove, as well as variations and modifications thereof that are 
not in the prior art, which would occur to persons skilled in the art upon reading the 
foregoing description. 
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CLAIMS 

1. Apparatus for treating a human patient, the apparatus comprising: 

one or more electrode contact surfaces, which are configured to be applied to a 
fundus of the patient; and 
5 a control unit, configured to drive the one or more electrode contact surfaces to 

apply an electrical signal to the fundus that chronically improves a blood glucose level of 
the patient, in order to treat the patient, without calculating an impedance of tissue of the 
fundus based on a sensed parameter that varies in response to the electrical signal, for 
detecting eating by the patient or a characteristic of food eaten by the patient. 

10 2. Apparatus for treating a human patient, the apparatus comprising: 

a set of one or more implantable electrode contact surfaces, configured to be 
applied to a fundus of the patient; and 
a control unit, configured to: 

during first and second modes of operation, drive the electrode contact 
15 surfaces to apply an electrical signal to the fundus that chronically improves a 

blood glucose level of the patient, in order to treat the patient, and 

during the first mode of operation, and not during the second mode of 
operation, sense a parameter that varies in response to the applied electrical signal, 
and calculate, based on the sensed parameter, an impedance of tissue of the 
20 fundus. 

3. The apparatus according to claim 2, wherein the control unit is configured to 
operate in the second mode of operation for a greater total amount of time than in the first 
mode of operation. 

4. Apparatus for treating a human patient, the apparatus comprising: 

25 a set of one or more implantable electrode contact surfaces, configured to be 

applied to a fundus of the patient; and 
a control unit, configured to: 

drive the electrode contact surfaces to apply, during a plurality of signal 
application time periods, an electrical signal to the fundus that chronically 
30 improves a blood glucose level of the patient, in order to treat the patient, 

sense a parameter that varies in response to the applied electrical signal, 

86 



wo 2011/092710 



PCT/IL2011/000116 



and calculate, based on the sensed parameter, an impedance of tissue of the 
fundus, and 

withhold sensing the parameter for a duration of at least one second 
following at least a portion of the signal application time periods. 

5 5. Apparatus for treating a human patient, the apparatus comprising: 

a set of one or more implantable electrode contact surfaces, configured to be 
applied to a fundus of the patient; and 
a control unit, configured to: 

drive the electrode contact surfaces to apply an electrical signal to the 
10 fundus that chronically improves a blood glucose level of the patient, in order to 

treat the patient, wherein the electrical signal includes a plurality of pulses, and 
during application of less than 50% of the pulses: 

sense a parameter that varies in response to the applied electrical 
signal, and 

15 calculate, based on the sensed parameter, an impedance of tissue of 

the fundus. 

6. The apparatus according to claim 5, wherein the control unit is configured to sense 
the parameter and calculate the impedance during application of less than 10% of the 
pulses. 

20 7. The apparatus according to claim 6, wherein the control unit is configured to sense 
the parameter and calculate the impedance during application of less than 2% of the 
pulses. 

8. The apparatus according to any one of claims 2, 4, and 5, wherein the control unit 
is configured to configure one or more parameters of the electrical signal responsively to 

25 the calculated impedance. 

9. The apparatus according to claim 8, wherein the control unit is configured to apply 
the electrical signal in a series of pulses, and to set a duration of the pulses at least in part 
responsively to the calculated impedance. 

10. Apparatus for treating a human patient, the apparatus comprising: 

30 a set of one or more implantable electrode contact surfaces, configured to be 

applied to a fundus of the patient; and 
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a control unit, configured to: 

during signal-application periods, drive the electrode contact surfaces to 
apply an electrical signal to the fundus that chronically improves a blood glucose 
level of the patient, in order to treat the patient, and 
5 provide reduced-signal-application periods, which alternate with the 

signal-application periods, and during which the electrode contact surfaces apply 
the electrical signal having an average energy that is less than 20% of the average 
energy of the electrical signal applied during the signal-application periods, 
wherein the control unit is configured to provide one or more reduced-sigrial- 
10 application periods during every 24-hour period, each of which reduced-signal-application 
periods has a duration of at least 30 minutes. 

11. The apparatus according to claim 10, wherein the reduced-signal-application 
periods are non-signal-application periods, and wherein the control unit is configured to 
withhold driving the electrode contact surfaces to apply the electrical signal during the 

15 non-signal-application periods. 

12. The apparatus according to claim 10, wherein the control unit is configured to 
drive the electrode contact surfaces, during the signal-application periods, to apply the 
electrical signal as a plurality of pulses alternating with inter-pulse gaps. 

13. The apparatus according to claim 10, wherein the control unit is configured to set 
20 a duration of at least one of the signal-applicafion periods every 24 hours to be at least 10 

minutes. 

14. The apparatus according to claim 10, wherein the control unit is configured to 
provide the reduced-signal-application periods in accordance with a predetermined 
schedule. 

25 15. The apparatus according to claim 10, wherein the control unit is configured to 
sense eating by the patient, and to apply the electrical signal during the signal-application 
periods in response to the sensed eating. 

16. The apparatus according to claim 10, wherein the control unit is configured to 
sense eating by the patient, and to provide the reduced-signal-application periods in 

30 response to the sensed eating, 

17. The apparatus according to claim 10, wherein the control unit is configured to 
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provide the signal-application periods only during a plurality of hours during nighttime. 

18. . The apparatus according to claim 10, wherein the control unit is configured to 
provide the signal-application periods only during a plurality of hours during daytime. 

19. Apparatus for treating a human patient, the apparatus comprising: 

5 a set of one or more implantable electrode contact surfaces, configured to be 

applied to a fundus of the patient; and 

a control unit, configured to drive the electrode contact surfaces to apply an 
electrical signal to the fundus that chronically improves a blood glucose level of the 
patient, in order to treat the patient, without the control unit applying, or generating a 
10 signal for applying, any additional glucose-control or weight-control therapy to the 
patient. 

20. The apparatus according to claim 19, wherein the apparatus does not comprise any 
electrode contact surfaces that are configured to be applied to an antrum of the patient. 

21. Apparatus for treating a human patient, the apparatus comprising: 

15 a set of one or more implantable electrode contact surfaces, configured to be 

applied to a fundus of the patient; and 

a control unit, configured to drive the electrode contact surfaces to apply an 
electrical signal to the fundus that chronically improves a blood glucose level of the 
patient, in order to treat the patient, without calculating an impedance of tissue of the 

20 fundus based on a sensed parameter that varies in response to the electrical signal. 

22. Apparatus for treating a human patient, the apparatus comprising: 

a set of one or more implantable electrode contact surfaces, at least a portion of 
which are configured to be applied to a fundus of the patient; and 

a control unit, configured to drive (a) the one or more electrode contact surfaces 
25 using no more than 5 J over a 24-hour period, and (b) the portion of the electrode contact 
surfaces to apply an electrical signal to the fundus that chronically improves a blood 
glucose level of the patient, in order to treat the patient. 

23. The apparatus according to claim 22, wherein the control unit is configured to 
drive the one or more electrode contact surfaces using no more than 2 J over the 24-hour 

30 period. 



89 



wo 2011/092710 



PCT/IL2011/000116 



24. Apparatus for treating a human patient, the apparatus comprising: 

a set of one or more implantable electrode contact surfaces, configured to be 

applied to a fundus of the patient; and 

a control unit, configured to drive the electrode contact surfaces to apply an 
5 electrical signal to the fundus that chronically improves a blood glucose level of the 

patient, in order to treat the patient, 

wherein the control unit is sized such that at least one line that passes from edge to 

edge of the control unit through a center of gravity thereof has a length of no more than 2 

cm. 

10 25. The apparatus according to claim 24, wherein the length is no more than 1 cm, 

26. The apparatus according to any one of claims 1, 2, 4, 5, 10, 19, 21, 22, and 24, 
wherein the apparatus comprises exactly one electrode structure that comprises the one or 
more electrical contact surfaces. 

27. The apparatus according to claim 26, wherein the electrode contact surfaces 
15 comprise exactly one electrode contact surface. 

28. The apparatus according to claim 26, wherein the electrode contact surfaces 
comprise exactly two electrode contact surfaces. 

29. The apparatus according to claim 26, wherein the electrode structure further 
comprises one or more insulated cables. 

20 30. The apparatus according to claim 29, wherein the apparatus comprises exactly one 
connector, which connects one or more of the insulated cables to the control unit. 

31. The apparatus according to claim 29, wherein the one or more insulated cables 
comprise exactly one bifurcated insulated cable, having exactly two bifurcated ends and 
exactly one non-bifurcated end, wherein each of the electrode contact surfaces are 

25 coupled to one of the bifurcated ends, and wherein the non-bifurcated end is coupled to 
the control unit. 

32. The apparatus according to claim 31, wherein the exactly one of the insulated 
cables comprises a plurality of insulated wires. 

33. The apparatus according to claim 29, wherein the one or more insulated cables 

30 comprise exactly one multifurcated insulated cable, having at least three multifurcated 

ends and exactly one non-multifurcated end, wherein each of the electrode contact 
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surfaces are coupled to one of the multifurcated ends, and wherein the non-multifurcated 
end is coupled to the control unit. 

34. The apparatus according to claim 33, wherein the exactly one of the insulated 
cables comprises a plurality of insulated wires. 

5 35. The apparatus according to claim 29, wherein one end of exactly one of the 
insulated cables is coupled to the control unit. 

36. The apparatus according to claim 35, wherein the exactly one of the insulated 
cables comprises a plurality of insulated wires. 

37. The apparatus according to claim 26, wherein the electrode structure comprises a 
10 corkscrew-shaped electrode mount, which is configured to be implanted in a wall of the 

fundus, and which comprises the one or more electrode contact surfaces, at respective 
sites of the electrode mount. 

38. The apparatus according to claim 26, wherein the electrode structure comprises 
one or more wireless micros timulators. 

15 39. The apparatus according to claim 26, wherein the electrode structure comprises 
exactly one wireless microstimulator. 

40. The apparatus according to claim 26, wherein the electrode structure is at least 
partially flexible. 

41. The apparatus according to claim 26, wherein the one or more electrode contact 
20 surfaces comprise a plurality of electrode contact surfaces, and wherein the electrode 

structure is configured to constrain motion of the electrode contact surfaces so as to define 
a greatest possible distance between closest respective portions of any two of the 
electrode contact surfaces, which distance is no more than 10 cm. 

42. The apparatus according to any one of claims 1, 2, 4, 5, 10, 19, 21, 22, and 24, 
25 wherein the control unit is configured to configure the electrical signal such that the 

signal, if applied to an antrum of the patient, would not effect an improvement in a blood 
glucose level of the patient. 

43. The apparatus according to any one of claims 1, 2, 4, 5, 10, 19, 21, 22, and 24, 
wherein the apparatus is configured to be implantable in the patient for long-term 

30 application of the electrical signal. 
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44. The apparatus according to any one of claims 1, 2, 4, 5, 10, 19, 21, 22, and 24, 
wherein the electrode contact surfaces are configured to be applied in physical contact 
with muscle tissue of the fundus. 

45. The apparatus according to claim 44, wherein the electrode contact surfaces are 
5 configured to be positioned within the muscle tissue. 

46. The apparatus according to any one of claims 1, 2, 4, 5, 10, 19, 21, 22, and 24, 
wherein the apparatus is configured to treat diabetes of the patient. 

47. The apparatus according to claim 46, wherein the apparatus is configured to treat 
type 2 diabetes of the patient. 

10 48. The apparatus according to any one of claims 1, 2, 4, 5, 10, 19, 21, 22, and 24, 
wherein the apparatus is configured to treat metabolic syndrome of the patient. 

49. The apparatus according to any one of claims 1, 2, 4, 5, 10, 19, 21, 22, and 24, 
wherein the control unit is configured to configure one or more parameters of the 
electrical signal to cause a reduction in a fasting glucose blood level of the patient. 

15 50. The apparatus according to any one of claims 1, 2, 4, 5, 10, 19, 21, 22, and 24, 
wherein the control unit is configured to configure one or more parameters of the 
electrical signal to cause a reduction in postprandial glucose level of the patient. 

51. The apparatus according to any one of claims 1, 2, 4, 5, 10, 19, 21, 22, and 24, 
wherein the control unit is configured to configure one or more parameters of the 

20 electrical signal to cause an improvement in a level at least one hormone selected from the 
group consisting of: at least one hormone associated with glycemic control, and at least 
one hormone associated with a metabolic disorder. 

52. The apparatus according to claim 51, wherein the improvement in the level of the 
at least one hormone includes a normalization of at least one element selected from the 

25 group consisting of: secretion of the at least one hormone, expression of the at least one 
hormone, and a blood level of the at least one hormone. 

53. The apparatus according to claim 51, wherein the hormone is associated with the 
glycemic control. 

54. The apparatus according to claim 51, wherein the hormone is associated with the 
30 metabolic disorder. 
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55. The apparatus according to claim 51, wherein the control unit is configured to 
configure the one or more parameters of the electrical signal to simultaneously cause the 
improvement in levels of a plurality of hormones. 

56. The apparatus according to claim 51, wherein the at least one hormone is secreted 
5 by a stomach of the patient. 

57. The apparatus according to claim 56, wherein the at least one hormone is secreted 
by the fundus. 

58. The apparatus according to claim 56, wherein the at least one hormone is secreted 
by an antrum of the stomach. 

10 59. The apparatus according to claim 51, wherein the at least one hormone is secreted 
by a duodenum of the patient. 

60. The apparatus according to claim 51, wherein the at least one hormone is secreted 
by a pancreas of the patient. 

61. The apparatus according to claim 51, wherein the improvement is an improvement 
15 in a postprandial level of the at least one hormone. 

62. The apparatus according to claim 51, wherein the improvement is an improvement 
in a feisting level of the at least one hormone. 

63. The apparatus according to claim 51, wherein the improvement includes an 
improvement in a postprandial level of insulin. 

20 64. The apparatus according to claim 63, wherein the improvement includes an 
increase in the postprandial level of insulin. 

65. The apparatus according to claim 51, wherein the improvement includes an 
improvement in a postprandial level of ghrelin. 

66. The apparatus according to claim 65, wherein the improvement includes a 
25 decrease in the postprandial level of ghrelin. 

67. The apparatus according to claim 51, wherein the improvement includes an 
improvement in a fasting level of ghrelin. 

68. The apparatus according to claim 67, wherein the improvement includes a 
decrease in the fasting level of ghrelin. 
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69. The apparatus according to claim 51, wherein the improvement includes an 
improvement in a postprandial level of glucagon. 

70. The apparatus according to claim 69, wherein the improvement includes a 
decrease in the postprandial level of glucagon. 

5 71. The apparatus according to claim 51, wherein the improvement includes an 
improvement in a postprandial level of pancreatic polypeptide. 

72. The apparatus according to claim 71, wherein the improvement includes an 
increase in the postprandial level of pancreatic polypeptide. 

73. The apparatus according to claim 51, wherein the improvement includes an 
10 improvement in a fasting level of pancreatic polypeptide. 

74. The apparatus according to claim 73, wherein the improvement includes an 
increase in the fasting level of pancreatic polypeptide. 

75. The apparatus according to claim 51, wherein the improvement includes an 
improvement in a postprandial level of glucagon-like peptide- 1 (GLP-1). 

15 76. The apparatus according to claim 75, wherein the improvement includes an 
increase in the postprandial level of GLP-1. 

77. The apparatus according to any one of claims 1, 2, 4, 5, 10, 19, 21, 22, and 24, 
wherein the control unit is configured to configure one or more parameters of the 
electrical signal to cause an improvement in a postprandial level of C-peptide. 

20 78. The apparatus according to claim 77, wherein the improvement includes an 
increase the postprandial level of C-peptide. 

79. The apparatus according to any one of claims 1, 2, 4, 5, 10, 19, 21, 22, and 24, 
wherein the control unit is configured to configure one or more parameters of the 
electrical signal to not cause hypoglycemia of the patient. 

25 80. The apparatus according to claim 79, wherein the control unit is configured to 
configure the one or more parameters of the signal to not cause the hypoglycemia, without 
measuring the blood glucose level of the patient. 

81. The apparatus according to any one of claims 1, 2, 4, 5, 10, 19, 21, 22, and 24, 
wherein the control unit is configured to apply the signal in a series of pulses having an 
30 energy per pulse of no more than 5 microjoules. 
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82. The apparatus according to any one of claims 1, 2, 4, 5, 10, 19, 21, 22, and 24, 
wherein the control unit is configured to apply the signal in a series of pulses having an 
average energy per pulse of no more than 5 microjoules. 

83. The apparatus according to any one of claims 1, 2, 4, 5, 10, 19, 21, 22, and 24, 
5 wherein the control unit is configured to apply the signal having an instantaneous power 

of no more than 100 milliwatts. 

84. The apparatus according to any one of claims 1, 2, 4, 5, 10, 19, 21, 22, and 24, 
wherein the control unit is configured to apply the signal in a series of pulses, at least one 
of which pulses has a duration of between 2 microseconds and 5 milliseconds. 

10 85. The apparatus according to any one of claims 1, 2, 4, 5, 10, 19, 21, 22, and 24, 
wherein the control unit is configured to apply the signal in a series of pulses, at least one 
of which pulses has an amplitude of between 5 mA and 35 mA. 

86. A method for treating a human patient, comprising: 

implanting one or more electrode contact surfaces in contact with a fundus of the 

15 patient; 

providing a control unit coupled to the electrode contact surfaces; and 
activating the control unit to drive the electrode contact surfaces to apply an 
electrical signal to at least one fundic site of the patient that chronically improves a blood 
glucose level of the patient, in order to treat the patient, without calculating an impedance 
20 of tissue of the fundus based on a sensed parameter that varies in response to the electrical 
signal, for sensing eating by the patient or a characteristic of food eaten by the patient. 

87. The method according to claim 86, wherein activating comprises configuring the 
control unit to apply the signal to the at least one fundic site at least intermittently during 
a period having a duration of at least one week, without applying any electrical signals to 

25 any antral sites of the patient during the period. 

88. A method for treating a human patient, comprising: 

endoscopically making one or more incisions through a fiindic wall of the patient; 
via exactly one of the one or more incisions, implanting one or more electrode 
contact surfaces in contact with a fundus of the patient; 
30 providing a control unit coupled to the electrode contact surfaces; and 

activating the control unit to drive the electrode contact surfaces to apply an 
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electrical signal to at least one fundic site of the patient that chronically improves a blood 
glucose level of the patient, in order to treat the patient. 

89. The method according to claim 88, wherein providing the control unit comprises 
implanting the control unit in a body of the patient via the exactly one of the one or more 

5 incisions. 

90. The method according to claim 89, wherein providing the control unit comprises 
providing the control unit sized such that at least one line that passes from edge to edge of 
the control unit through the center of gravity thereof has a length of no more than 2 cm. 

91 . The method according to claim 90, wherein the length is no more than 1 cm. 

10 92. The method according to any one of claims 88 and 89, wherein making the one or 
more incisions and implanting comprise making the one or more incisions and implanting 
during a surgical implantation procedure having a duration of no more than 45 minutes. 

93. A method for treating a human patient, comprising: 

identifying that application of an electrical signal to at least one fundic site of the 
15 patient might chronically improve a blood glucose level of the patient; and 
in response to identifying: 

implanting one or more electrode contact surfaces in contact with a fundus 
of the patient; 

providing a control unit coupled to the electrode contact surfaces; and 
20 activating the control unit to drive the electrode contact surfaces to apply 

the electrical signal to the at least one fundic site of the patient that chronically 
improves the blood glucose level of the patient, in order to treat the patient. 

94. A method for treating a human patient, comprising: 

identifying that the patient might experience a chronic improvement in a blood 
25 glucose level in response to application of an electrical signal to at least one fundic site of 
the patient; 

in response to identifying: 

implanting one or more electrode contact surfaces in contact with a fundus 
of the patient; 

30 providing a control unit coupled to the electrode contact surfaces; and 

activating the control unit to drive the electrode contact surfaces to apply 
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the electrical signal to the at least one fundic site of the patient that chronically 
improves the blood glucose level of the patient, in order to treat the patient. 

95. A method for treating a human patient, comprising: 

implanting one or more electrode contact surfaces in contact with a fundus of the 

5 patient; 

providing a control unit coupled to the electrode contact surfaces; and 
activating the control unit to: 

during first and second modes of operation, drive the electrode contact 
surfaces to apply an electrical signal to at least one fundic site of the patient, and 
10 configuring one or more parameters of the electrical signal to chronically improve 

a blood glucose level of the patient, in order to treat the patient, and 

during the first mode, and not during the second mode, sense a parameter 
that varies in response to the applied electrical signal, and calculate, based on the 
sensed parameter, an impedance of tissue of the fundus. 

96. A method for treating a human patient, comprising: 
implanting one or more electrode contact surfaces in contact with a fundus of the 

patient; 

providing a control unit coupled to the electrode contact surfaces; and 
activating the control unit to: 

drive the electrode contact surfaces to apply, during a plurality of signal 
application time periods, an electrical signal to at least one fundic site of the 
patient that chronically improves a blood glucose level of the patient, in order to 
treat the patient, 

sense a parameter that varies in response to the applied electrical signal, 
and calculate, based on the sensed parameter, an impedance of tissue of the 
fundus, and 

withhold sensing the parameter for a duration of at least one second 
following at least a portion of the signal application time periods. 

97. A method for treating a human patient, comprising: 

30 implanting one or more electrode contact surfaces in contact with a fundus of the 

patient; 
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providing a control unit coupled to the electrode contact surfaces; and 
activating the control unit to: 

drive the electrode contact surfaces to apply an electrical signal to at least 
one fundic site of the patient, which electrical signal includes a plurality of pulses, 
5 and configure one or more parameters of the electrical signal to chronically 

improve a blood glucose level of the patient, in order to treat the patient, and 

during application of less than 50% of the pulses, sense a parameter that 
varies in response to the applied electrical signal, and calculate, based on the 
sensed parameter, an impedance of tissue of the fundus. 

10 98. The method according to claim 97, wherein activating comprises configuring the 
control unit to sense the parameter and calculate during application of less than 10% of 
the pulses. 

99. The method according to claim 98, wherein activating comprises configuring the 
control unit to sense the parameter and calculate during application of less than 2% of the 

15 pulses. 

100. The method according to any one of claims 95, 96, and 97, wherein activating 
comprises configuring the control unit to configure the one or more parameters of the 
electrical signal responsively to the calculated impedance. 

101. The method according to claim 100, wherein activating comprises configuring the 
20 control unit to apply the electrical signal in a series of pulses, and to set a duration of the 

pulses at least in part responsively to the calculated impedance. 

102. A method for treating a human patient, comprising: 

implanting one or more electrode contact surfaces in contact with a fundus of the 

patient; 

25 providing a control unit coupled to the electrode contact surfaces; and 

activating the control unit to: 

during signal-application periods, drive the electrode contact surfaces to 

apply an electrical signal to at least one fundic site of the patient that chronically 

improves a blood glucose level of the patient, in order to treat the patient, and 
30 provide reduced-signal-application periods, which alternate with the 

signal-application periods, and during which the electrode contact surfaces apply 
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the electrical signal having an average energy current that is less than 20% of the 
average energy of the electrical signal applied during the signal-application 
periods, 

wherein the control unit provides one or more reduced-signal-applications 
5 periods during every 24-hour period, each of which reduced-signal-application 

periods has a duration of at least 30 minutes. 

103. The method according to claim 102, wherein the reduced-signal-application 
periods are non-signal-application periods, and wherein activating comprises configuring 
the control unit to withhold applying the electrical signal during the non-signal- 

10 application periods. 

104. The method according to claim 102, wherein activating comprises configuring the 
control unit to apply the electrical signal as a plurality of pulses alternating with inter- 
pulse gaps. 

105. The method according to claim 102, wherein activating comprises configuring the 
15 control unit to set a duration of at least one of the signal-application periods every 24 

hours to be at least 10 minutes. 

106. The method according to claim 102, wherein activating comprises configuring the 
control unit to provide the reduced-signal-application periods in accordance with a 
predetermined schedule. 

20 107. The method according to claim 102, wherein activating comprises configuring the 
control unit to sense eating by the patient, and to apply the electrical signal in response to 
the sensed eating. 

108. The method according to claim 102, wherein activating comprises configuring the 
control unit to sense eating by the patient, and to provide the reduced-signal-application 

25 periods in response to the sensed eating. 

109. The method according to claim 102, wherein activating comprises configuring the 
control unit to provide the signal-application periods only during a plurality of hours 
during nighttime. 

1 10. The method according to claim 102, wherein activating comprises configuring the 
30 control unit to provide the signal-application periods only during a plurality of hours 

during daytime. 
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111. A method for treating a human patient, comprising: 

implanting one or more electrode contact surfaces in contact with a fundus of the 

patient; 

providing a control unit coupled to the electrode contact surfaces; and 
5 activating the control unit to drive the electrode contact surfaces to apply an 

electrical signal to at least one fundic site of the patient that chronically improves a blood 
glucose level of the patient, in order to treat the patient, without the control unit applying, 
or generating a signal for applying, any additional glucose-control or weight-control 
therapy to the patient. 

10 112. The method according to claim 111, wherein the method does not comprise 
activating the control unit to apply any electrical signals to an antrum of the patient. 

113. A method for treating a human patient, comprising: 

implanting one or more electrode contact surfaces in contact with a fundus of the 

patient; 

15 providing a control unit coupled to the electrode contact surfaces; and 

activating the control unit to: 

drive the electrode contact surfaces to apply an electrical signal to at least 
one fundic site of the patient, without calculating an impedance of tissue of the 
fundus based on a sensed parameter that varies in response to the electrical signal, 

20 and 

configure one or more parameters of the electrical signal to chronically 
improve a blood glucose level of the patient, in order to treat the patient. 

1 14. A method for treating a human patient, comprising: 

implanting one or more electrode contact surfaces such that at least a portion of 
25 the electrode contact surfaces are in contact with a fundus of the patient; 

providing a control unit coupled to the electrode contact surfaces; and 
activating the control unit to drive (a) the one or more electrode contact surfaces 
using no more than 5 J over a 24-hour period, and (b) the portion of the electrode contact 
surfaces to apply an electrical signal to the fundus that chronically improves a blood 
30 glucose level of the patient, in order to treat the patient. 

115. The method according to claim 114, wherein activating comprises activating the 
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control unit to drive the one or more electrode contact surfaces using no more than 2 J 
over the 24-hour period. 

116. The method according to any one of claims 86, 88, 93, 94, 95, 96, 97, 102, 111, 
113, and 114, wherein implanting the one or more electrode contact surfaces comprises 

5 implanting exactly one implantable electrode structure that includes the one or more 
electrode contact surfaces. 

117. The method according to any one of claims 86, 88, 93, 94, 95, 96, 97, 102, 111, 
113, and 114, wherein activating comprises configuring the control unit to configure the 
electrical signal such that the signal, if applied to an antrum of the patient, would not 

10 effect an improvement in a blood glucose level of the patient. 

118. The method according to any one of claims 86, 88, 93, 94, 95, 96, 97, 102, 111, 
113, and 114, wherein implanting the one or more electrode contact surfaces comprises 
implanting the one or more electrode contact surfaces in physical contact with muscle 
tissue of the fundic site. 

15 119. The method according to claim 118, wherein implanting the one more electrode 
contact surfaces comprises positioning the one or more electrode contact surfaces within 
the muscle tissue. 

120. The method according to any one of claims 86, 88, 93, 94, 95, 96, 97, 102, 1 1 1, 
113, and 1 14, wherein implanting the electrode contact surfaces and activating the control 

20 unit comprises identifying that the patient suffers from diabetes, and implanting and 
activating in response to the identifying. 

121. The method according to claim 120, wherein implanting the electrode contact 
surfaces and activating the control unit comprises identifying that the patient suffers from 
type 2 diabetes, and implanting and activating in response to the identifying. 

25 122. The method according to any one of claims 86, 88, 93, 94, 95, 96, 97, 102, 111, 
113, and 1 14, wherein implanting the electrode contact surfaces and activating the control 
unit comprises identifying that the patient suffers from metabolic syndrome, and 
implanting and activating in response to the identifying. 

123. The method according to any one of claims 86, 88, 93, 94, 95, 96, 97, 102, 111, 
30 113, and 1 14, wherein implanting the electrode contact surfaces and activating the control 
unit comprises identifying that the patient might benefit from improved blood glucose 
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level control, and implanting and activating in response to the identifying. 

124. The method according to any one of claims 86, 88, 93, 94, 95, 96, 97, 102, 111, 
113, and 114, wherein implanting the electrode contact surfaces and activating the control 
unit comprises identifying that the patient might experience an improvement in the blood 

5 glucose level in response to applying the signal, and implanting and activating in response 
to identifying. 

125. The method according to any one of claims 86, 88, 93, 94, 95, 96, 97, 102, 111, 
113, and 114, wherein activating comprises configuring one or more parameters of the 
electrical signal to cause a reduction in a fasting glucose blood level of the patient, 

10 126. The method according to claim any one of claims 86, 88, 93, 94, 95, 96, 97, 102, 
111, 113, and 114, wherein activating comprises configuring one or more parameters of 
the electrical signal to cause a reduction in postprandial glucose level of the patient. 

127. The method according to any one of claims 86, 88, 93, 94, 95, 96, 97, 102, 1 1 1, 
113, and 114, wherein activating comprises configuring one or more parameters of the 

15 electrical signal to cause an improvement in a level at least one hormone selected from the 
group consisting of: at least one hormone associated with glycemic control, and at least 
one hormone associated with a metabolic disorder. 

128. The method according to claim 127, further comprising assessing the level of the 
at least one hormone after activating the control unit. 

20 129. The method according to claim 127, wherein the improvement in the level of the 
at least one hormone includes a normalization of at least one element selected from the 
group consisting of: secretion of the at least one hormone, expression of the at least one 
hormone, and a blood level of the at least one hormone. 

130. The method according to claim 127, wherein the hormone is associated with the 
25 glycemic control. 

131. The method according to claim 127, wherein the hormone is associated with the 
metabolic disorder. 

132. The method according to claim 127, wherein configuring comprises configuring 
the one or more parameters of the electrical signal to simultaneously cause the 

30 improvement in levels of a plurality of hormones. 
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133. The method according to claim 127, wherein the at least one hormone is secreted 
by a stomach of the patient. 

134. The method according to claim 133, wherein the at least one hormone is secreted 
by the fundus. 

5 135. The method according to claim 133, wherein the at least one hormone is secreted 
by an antrum of the stomach. 

136. The method according to claim 127, wherein the at least one hormone is secreted 
by a duodenum of the patient. 

137. The method according to claim 127, wherein the at least one hormone is secreted 
10 by a pancreas of the patient. 

138. The method according to claim 127, wherein the improvement is an improvement 
in a postprandial level of the at least one hormone. 

139. The method according to claim 127, wherein the improvement is an improvement 
in a fasting level of the at least one hormone. 

15 140. The method according to claim 127, wherein the improvement includes an 
improvement in a postprandial level of insulin. 

141. The method according to claim 140, wherein the improvement includes an 
increase in the postprandial level of insulin. 

142. The method according to claim 127, wherein the improvement includes an 
20 improvement in a postprandial level of ghrelin. 

143. The method according to claim 142, wherein the improvement includes a decrease 
in the postprandial level of ghrelin. 

144. The method according to claim 127, wherein the improvement includes an 
improvement in a fasting level of ghrelin. 

25 145. The method according to claim 144, wherein the improvement includes a decrease 
in the fasting level of ghrelin. 

146. The method according to claim 127, wherein the improvement includes an 
improvement in a postprandial level of glucagon. 

147. The method according to claim 146, wherein the improvement includes a decrease 
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in the postprandial level of glucagon. 

148. The method according to claim 127, wherein the improvement includes an 
improvement in a postprandial level of pancreatic polypeptide. 

149. The method according to claim 148, wherein the improvement includes an 
5 increase in the postprandial level of pancreatic polypeptide. 

150. The method according to claim 127, wherein the improvement includes an 
improvement in a fasting level of pancreatic polypeptide. 

151. The method according to claim 150, wherein the improvement includes an 
increase in the fasting level of pancreatic polypeptide. 

10 152. The method according to claim 127, wherein the improvement includes an 
improvement in a postprandial level of glucagon-like peptide- 1 (GLP-1). 

153. The method according to claim 152, wherein the improvement includes an 
increase in the postprandial level of GLP-1. 

154. The method according to any one of claims 86, 88, 93, 94, 95, 96, 97, 102, 111, 
15 113, and 114, wherein activating comprises configuring one or more parameters of the 

electrical signal to cause an improvement in a postprandial level of C-peptide. 

155. The method according to claim 154, wherein the improvement includes an 
increase the postprandial level of C-peptide. 

156. The method according to claim 155, further comprising assessing the level of C- 
20 peptide after activating the control unit. 

157. The method according to any one of claims 86, 88, 93, 94, 95, 96, 97, 102, 111, 
113, and 1 14, wherein implanting the electrode contact surfaces and activating the control 
unit comprises identifying that the patient might experience an improvement in a level at 
least one hormone in response to applying the signal, and implanting and activating in 

25 response to identifying, wherein the at least one hormone is selected from the group 
consisting of: at least one hormone associated with glycemic control, and at least one 
hormone associated with a metabolic disorder. 

158. The method according to claim 157, wherein the improvement in the level of the 
at least one hormone includes a normalization of at least one element selected from the 

30 group consisting of: secretion of the at least one hormone, expression of the at least one 
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hormone, and a blood level of the at least one hormone. 

159. The method according to claim 157, wherein the at least one hormone is 
associated with the glycemic control. 

160. The method according to claim 157, wherein the at least one hormone is 
5 associated with the metabolic disorder. 

161. The method according to claim 157, wherein the improvement is a simultaneous 
improvement in levels of a plurality of hormones. 

162. The method according to claim 157, wherein the at least one hormone is secreted 
by a stomach of the patient. 

10 163. The method according to claim 162, wherein the at least one hormone is secreted 
by the fundus. 

164. The method according to claim 162, wherein the at least one hormone is secreted 
by an antrum of the stomach. 

165. The method according to claim 157, wherein the at least one hormone is secreted 
15 by a duodenum of the patient. 

166. The method according to claim 157, wherein the at least one hormone is secreted 
by a pancreas of the patient. 

167. The method according to claim 157, wherein the improvement is an improvement 
in a postprandial level of the at least one hormone. 

20 168. The method according to claim 157, wherein the improvement is an improvement 
in a fasting level of the at least one hormone. 

169. The method according to claim 157, wherein the improvement includes an 
improvement in a postprandial level of insulin. 

170. The method according to claim 169, wherein the improvement includes an 
25 increase in the postprandial level of insulin. 

171. The method according to claim 157, wherein the improvement includes an 
improvement in a postprandial level of ghrelin. 

172. The method according to claim 171, wherein the improvement includes a decrease 
in the postprandial level of ghrelin. 
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173. The method according to claim 157, wherein the improvement includes an 
improvement in a fasting level of ghrelin. 

174. The method according to claim 173, wherein the improvement includes a decrease 
in the fasting level of ghrelin. 

5 175. The method according to claim 157, wherein the improvement includes an 
improvement in a postprandial level of glucagon. 

176. The method according to claim 175, wherein the improvement includes a decrease 
in the postprandial level of glucagon. 

177. The method according to claim 157, wherein the improvement includes an 
10 improvement in a postprandial level of pancreatic polypeptide. 

178. The method according to claim 177, wherein the improvement includes an 
increase in the postprandial level of pancreatic polypeptide. 

179. The method according to claim 157, wherein the improvement includes an 
improvement in a fasting level of pancreatic polypeptide. 

15 180. The method according to claim 179, wherein the improvement includes an 
increase in the fasting level of pancreatic polypeptide. 

181. The method according to claim 157, wherein the improvement includes an 
improvement in a postprandial level of glucagon-like peptide- 1 (GLP-1). 

182. The method according to claim 181, wherein the improvement includes an 
20 increase in the postprandial level of GLP-1. 

183. The method according to any one of claims 86, 88, 93, 94, 95, 96, 97, 102, 111, 
113, and 1 14, wherein implanting the electrode contact surfaces and activating the control 
unit comprises identifying that the patient might experience an improvement in a 
postprandial level of C-peptide in response to applying the signal, and implanting and 

25 activating in response to identifying. 

184. The method according to claim 183, wherein the improvement includes an 
increase the postprandial level of C-peptide. 

185. The method according to any one of claims 86, 88, 93, 94, 95, 96, 97, 102, 111, 
113, and 114, further comprising assessing blood glucose level control by measuring a 

30 level of HbAlc of the patient after activating the control unit. 
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186. The method according to any one of claims 86, 88, 93, 94, 95, 96, 97, 102, 111, 
113, and 114, further comprising assessing blood glucose level improvement by 
measuring the blood glucose level after activating the control unit. 

187. The method according to any one of claims 86, 88, 93, 94, 95, 96, 97, 102, 111, 
5 113, and 114, wherein activating comprises configuring one or more parameters of the 

electrical signal to not cause hypoglycemia of the patient. 

188. The method according to claim 187, wherein configuring the one or more 
parameters of the electrical signal to not cause the hypoglycemia does not comprise 
measuring the blood glucose level of the patient. 

10 189. The method according to any one of claims 86, 88, 93, 94, 95, 96, 97, 102, 111, 
113, and 114, wherein activating comprises configuring the control unit to apply the 
signal in a series of pulses having an energy per pulse of no more than 5 microjoules. 

190. The method according to any one of claims 86, 88, 93, 94, 95, 96, 97, 102, 111, 
113, and 114, wherein activating comprises configuring the control unit to apply the 

15 signal in a series of pulses having an average energy per pulse of no more than 5 
microjoules. 

191. The method according to any one of claims 86, 88, 93, 94, 95, 96, 97, 102, 111, 
113, and 114, wherein activating comprises configuring the control unit to apply the 
signal having an instantaneous power of no more than 100 milliwatts. 

20 192. The method according to any one of claims 86, 88, 93, 94, 95, 96, 97, 102, 111, 
113, and 114, wherein activating comprises configuring the control unit to apply the 
signal in a series of pulses, at least one of which pulses has a duration of between 2 
microseconds and 5 milliseconds. 

193. The method according to any one of claims 86, 88, 93, 94, 95, 96, 97, 102, 111, 
25 113, and 114, wherein activating comprises configuring the control unit to apply the 

signal in a series of pulses, at least one of which pulses has an amplitude of between 5 mA 
and 35 mA. 

194. The method according to claim any one of claims 86, 88, 93, 94, 95, 96, 97, 102, 
111, 113, and 1 14, wherein activating comprises configuring the control unit to apply the 

30 signal for at least three months. 
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195. Apparatus for treating a human patient, the apparatus comprising: 

one or more electrode contact surfaces, which are configured to be applied to a 
fundus of the patient; and 

a control unit, configured to drive the electrode contact surfaces to apply an 
5 electrical signal to the fundus that improves a blood glucose level of the patient, in order 
to treat the patient, without calculating an impedance of tissue of the fundus based on a 
sensed parameter that varies in response to the electrical signal, for detecting eating by the 
patient or a characteristic of food eaten by the patient. 

196. Apparatus for treating a human patient, the apparatus comprising: 

10 a set of one or more implantable electrode contact surfaces, configured to be 

applied to a fundus of the patient; and 
a control unit, configured to: 

during first and second modes of operation, drive the electrode contact 
surfaces to apply an electrical signal to the fundus that improves a blood glucose 
15 level of the patient, in order to treat the patient, and 

during the first mode of operation, and not during the second mode of 
operation, sense a parameter that varies in response to the applied electrical signal, 
and calculate, based on the sensed parameter, an impedance of tissue of the 
fundus. 

20 197. Apparatus for treating a human patient, the apparatus comprising: 

a set of one or more implantable electrode contact surfaces, configured to be 
applied to a fundus of the patient; and 
a control unit, configured to: 

drive the electrode contact surfaces to apply, during a plurality of signal 
25 application time periods, an electrical signal to the fundus that improves a blood 

glucose level of the patient, in order to treat the patient, 

sense a parameter that varies in response to the applied electrical signal, 
and calculate, based on the sensed parameter, an impedance of tissue of the 
fundus, and 

30 withhold sensing the parameter for a duration of at least one second 

following at least a portion of the signal application time periods. 
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198. Apparatus for treating a human patient, the apparatus comprising: 

a set of one or more implantable electrode contact surfaces, configured to be 
applied to a fundus of the patient; and 
a control unit, configured to: 
5 drive the electrode contact surfaces to apply an electrical signal to the 

fundus that improves a blood glucose level of the patient, in order to treat the 
patient, wherein the electrical signal includes a plurality of pulses, and 
during application of less than 50% of the pulses: 

sense a parameter that varies in response to the applied electrical 
10 signal, and 

calculate, based on the sensed parameter, an impedance of tissue of 
the fundus. 

199. Apparatus for treating a human patient, the apparatus comprising: 
a set of one or more implantable electrode contact surfaces, configured to be 

applied to a fundus of the patient; and 
a control unit, configured to: 

during signal-application periods, drive the electrode contact surfaces to 
apply an electrical signal to the fundus that improves a blood glucose level of the 
patient, in order to treat the patient, and 

provide reduced-signal-application periods, which alternate with the 
signal-application periods, and during which the electrode contact surfaces apply 
the electrical signal having an average energy that is less than 20% of the average 
energy of the electrical signal applied during the signal-application periods, 
wherein the control unit is configured to provide one or more reduced-signal- 
application periods during every 24-hour period, each of which reduced-signal -application 
periods has a duration of at least 30 minutes. 

200. Apparatus for treating a human patient, the apparatus comprising: 
a set of one or more implantable electrode contact surfaces, configured to be 

applied to a fundus of the patient; and 
30 a control unit, configured to drive the electrode contact surfaces to apply an 

electrical signal to the fundus that improves a blood glucose level of the patient, in order 
to treat the patient, without the control unit applying, or generating a signal for applying, 
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any additional glucose-control or weight-control therapy to the patient. 

201. Apparatus for treating a human patient, the apparatus comprising: 

a set of one or more implantable electrode contact surfaces, configured to be 
applied to a fundus of the patient; and 
5 a control unit, configured to drive the electrode contact surfaces to apply an 

electrical signal to the fundus that improves a blood glucose level of the patient, in order 
to treat the patient, without calculating an impedance of tissue of the fundus based on a 
sensed parameter that varies in response to the electrical signal. 

202. Apparatus for treating a human patient, the apparatus comprising: 

10 a set of one or more implantable electrode contact surfaces, at least a portion of 

which are configured to be applied to a fundus of the patient; and 

a control unit, configured to drive (a) the one or more electrode contact surfaces 
using no more than 5 J over a 24-hour period, and (b) the portion of the electrode contact 
surfaces to apply an electrical signal to the fundus that improves a blood glucose level of 

15 the patient, in order to treat the patient. 

203. Apparatus for treating a human patient, the apparatus comprising: 

a set of one or more implantable electrode contact surfaces, configured to be 
applied to a fundus of the patient; and 

a control unit, configured to drive the electrode contact surfaces to apply an 
20 electrical signal to the fundus that improves a blood glucose level of the patient, in order 
to treat the patient, 

wherein the control unit is sized such that at least one line that passes from edge to 
edge of the control unit through a center of gravity thereof has a length of no more than 2 
cm. 

25 204. A method for treating a human patient, comprising: 

implanting one or more electrode contact surfaces in contact with a fundus of the 

patient; 

providing a control unit coupled to the electrode contact surfaces; and 
activating the control unit to drive the electrode contact surfaces to apply an 
30 electrical signal to at least one fundic site of the patient that improves a blood glucose 
level of the patient, in order to treat the patient, without calculating an impedance of tissue 
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of the fundus based on a sensed parameter that varies in response to the electrical signal, 
for sensing eating by the patient or a characteristic of food eaten by the patient. 

205. A method for treating a human patient, comprising: 

endoscopically making one or more incisions through a fundic wall of the patient; 
5 via exactly one of the one or more incisions, implanting one or more electrode 

contact surfaces in contact with a fundus of the patient; 

providing a control unit coupled to the electrode contact surfaces; and 
activating the control unit to drive the electrode contact surfaces to apply an 
electrical signal to at least one fundic site of the patient that improves a blood glucose 
10 level of the patient, in order to treat the patient. 

206. A method for treating a human patient, comprising: 
identifying that application of an electrical signal to at least one fundic site of the 

patient might improve a blood glucose level of the patient; and 
in response to identifying: 

implanting one or more electrode contact surfaces in contact with a fundus 
of the patient; 

providing a control unit coupled to the electrode contact surfaces; and 
activating the control unit to drive the electrode contact surfaces to apply 
the electrical signal to the at least one fundic site of the patient that improves the 
blood glucose level of the patient, in order to treat the patient. 

207. A method for treating a human patient, comprising: 
identifying that the patient might experience a chronic improvement in a blood 

glucose level in response to application of an electrical signal to at least one fundic site of 
the patient; 
25 in response to identifying: 

implanting one or more electrode contact surfaces in contact with a fundus 
of the patient; 

providing a control unit coupled to the electrode contact surfaces; and 
activating the control unit to drive the electrode contact surfaces to apply 
30 the electrical signal to the at least one fundic site of the patient that improves the 

blood glucose level of the patient, in order to treat the patient. 
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208. A method for treating a human patient, comprising: 

implanting one or more electrode contact surfaces in contact with a fundus of the 

patient; 

providing a control unit coupled to the electrode contact surfaces; and 
5 activating the control unit to: 

during first and second modes of operation, drive the electrode contact 
surfaces to apply an electrical signal to at least one fiindic site of the patient, and 
configuring one or more parameters of the electrical signal to improve a blood 
glucose level of the patient, in order to treat the patient, and 
10 during the first mode, and not during the second mode, sense a parameter 

that varies in response to the applied electrical signal, and calculate, based on the 
sensed parameter, an impedance of tissue of the fundus. 

209. A method for treating a human patient, comprising: 

implanting one or more electrode contact surfaces in contact with a fundus of the 

15 patient; 

providing a control unit coupled to the electrode contact surfaces; and 
activating the control unit to: 

drive the electrode contact surfaces to apply, during a plurality of signal 
application time periods, an electrical signal to at least one fundic site of the 
20 patient that improves a blood glucose level of the patient, in order to treat the 

patient, 

sense a parameter that varies in response to the applied electrical signal, 
and calculate, based on the sensed parameter, an impedance of tissue of the 
fundus, and 

25 withhold sensing the parameter for a duration of at least one second 

following at least a portion of the signal application time periods. 

210. A method for treating a human patient, comprising: 

implanting one or more electrode contact surfaces in contact with a fundus of the 

patient; 

30 providing a control unit coupled to the electrode contact surfaces; and 

activating the control unit to: 

drive the electrode contact surfaces to apply an electrical signal to at least 

112 



wo 2011/092710 



PCT/IL2011/000116 



one fiindic site of the patient, which electrical signal includes a plurality of pulses, 
and configure one or more parameters of the electrical signal to improve a blood 
glucose level of the patient, in order to treat the patient, and 

during application of less than 50% of the pulses, sense a parameter that 
5 varies in response to the applied electrical signal, and calculate, based on the 

sensed parameter, an impedance of tissue of the fundus. 

211. A method for treating a human patient, comprising: 
implanting one or more electrode contact surfaces in contact with a fundus of the 

patient; 

providing a control unit coupled to the electrode contact surfaces; and 
activating the control unit to: 

during signal-application periods, drive the electrode contact surfaces to 
apply an electrical signal to at least one fundic site of the patient that improves a 
blood glucose level of the patient, in order to treat the patient, and 

provide reduced-signal-application periods, which alternate with the 
signal-application periods, and during which the electrode contact surfaces apply 
the electrical signal having an average energy that is less than 20% of the current 
of the electrical signal applied during the signal-application periods, 

wherein the control unit provides one or more reduced-signal-application 
periods during every 24-hour period, each of which reduced-signal-application 
periods has a duration of at least 30 minutes. 

212. A method for treating a human patient, comprising: 
implanting one or more electrode contact surfaces in contact with a fundus of the 

patient; 

25 providing a control unit coupled to the electrode contact surfaces; and 

activating the control unit to drive the electrode contact surfaces to apply an 
electrical signal to at least one fundic site of the patient that improves a blood glucose 
level of the patient, in order to treat the patient, without the control unit applying, or 
generating a signal for applying, any additional glucose-control or weight-control therapy 

30 to the patient. 

213. A method for treating a human patient, comprising: 
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implanting one or more electrode contact surfaces in contact with a fundus of the 

patient; 

providing a control unit coupled to the electrode contact surfaces; and 
activating the control unit to: 
5 drive the electrode contact surfaces to apply an electrical signal to at least 

one fiindic site of the patient, without calculating an impedance of tissue of the 
fundus based on a sensed parameter that varies in response to the electrical signal, 
and 

configure one or more parameters of the electrical signal to improve a 
10 blood glucose level of the patient, in order to treat the patient. 

214. A method for treating a human patient, comprising: 

implanting one or more electrode contact surfaces such that at least a portion of 
the electrode contact surfaces are in contact with a fundus of the patient; 

providing a control unit coupled to the electrode contact surfaces; and 
15 activating the control unit to drive (a) the one or more electrode contact surfaces 

using no more than 5 J over a 24-hour period, and (b) the portion of the electrode contact 
surfaces to apply an electrical signal to the fundus that improves a blood glucose level of 
the patient, in order to treat the patient. 

215. A method comprising: 

20 applying a pacing signal at a first site of a gastrointestinal (GI) tract of a patient; 

and 

applying a non-excitatory signal at a second site of the GI tract, which second site 
is at least 5 cm distal to the first site. 

216. The method according to claim 215, wherein applying the non-excitatory signal 
25 comprises applying an excitable tissue control (ETC) signal. 

217. The method according to claim 215, further comprising identifying that the patient 
suffers from gastroparesis, and treating the gastroparesis by applying the signals. 

218. The method according to claim 215, further comprising identifying that the patient 
suffers from obesity, and treating the obesity by applying the signals. 

30 219. The method according to claim 215, further comprising identifying that the patient 
suffers from a metabolic disorder, and treating the metabolic disorder by applying the 
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signals. 

220. The method according to claim 215, wherein the first and second sites are on a 
stomach of the patient. 

22 L The method according to claim 220, wherein the first site is on a corpus of the 
5 stomach, and the second site is on an antrum of the stomach. 

222. The method according to claim 215, further comprising applying a pacing signal at 
the second site. 

223. The method according to claim 215, wherein applying the non-excitatory signal 
comprises applying the non-excitatory signal at the second site without applying a pacing 

10 signal at the second site. 

224. The method according to claim 223, wherein applying the non-excitatory signal at 
the second site comprising sensing an electrical parameter of the GI tract at the second 
site, and applying the non-excitatory signal responsively to the sensed parameter. 

225. The method according to claim 215, wherein applying the non-excitatory signal at 
15 the second site comprises applying the non-excitatory signal at the second site after a 

predetermined delay after applying the pacing signal at the first site. 

226. The method according to claim 215, wherein applying the pacing signal and the 
non-excitatory signal comprises applying the pacing signal and non-excitatory signals at a 
plurality of sites simultaneously. 

20 227. The method according to claim 215, further comprising applying a neural 
modulation signal. 

228. The method according to claim 227, wherein applying at least one of the pacing 
signal, the non-excitatory signal, and the neural modulation signal comprises adapting the 
applying in accordance with at least one of an external input by the patient, a predefined 

25 schedule, and a determination that eating has occurred. 

229. Apparatus for application to a gastrointestinal (GI) tract of a patient, the apparatus 
comprising: 

a first set of one or more electrodes, configured to be applied to a first site of the 
GI tract; 

30 a second set of one or more electrodes, configured to be applied to a second site of 
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the GI tract, which second site is at least 5 cm distal to the first site; and 

a control unit, configured to drive the first electrode set to apply a pacing signal at 
the first site, and to drive the second electrode set to apply a non-excitatory signal at the 
second site. 

5 230. The apparatus according to claim 229, wherein the non-excitatory signal is an 
excitable tissue control (ETC) signal, and wherein the control unit is configured to drive 
the second electrode set to apply the ETC signal. 

231. The apparatus according to claim 229, wherein the first and second sites are on a 
stomach of the patient. 

10 232. The apparatus according to claim 231, wherein the first site is on a corpus of the 
stomach, and the second site is on an antrum of the stomach. 

233. The apparatus according to claim 229, wherein the control unit is configured to 
apply a pacing signal at the second site. 

234. The apparatus according to claim 229, wherein the control unit is configured to 
15 apply the non-excitatory signal at the second site without applying a pacing signal at the 

second site. 

235. The apparatus according to claim 234, wherein the control unit is configured to 
sense an electrical parameter of the GI tract at the second site, and to drive the second 
electrode set to apply the non-excitatory signal responsively to the sensed parameter. 

20 236. The apparatus according to claim 229, wherein the control unit is configured to 
drive the second electrode set to apply the non-excitatory signal at the second site after a 
predetermined delay after applying the pacing signal at the first site. 

237. The apparatus according to claim .229, wherein the control unit is configured to 
drive the first and second electrode sets to apply the pacing and non-excitatory signals, 

25 respectively, at a plurality of sites simultaneously. 

238. The apparatus according to claim 229, wherein the control unit is configured to 
further apply a neural modulation signal. 

239. The apparatus according to claim 238, wherein the control unit is configured to 
apply at least one of the pacing signal, the non-excitatory signal, and the neural 

30 modulation signal by adapting the applying in accordance with at least one of an external 
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input by the patient, a predefined schedule, and a determination that eating has occurred. 
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FIG. 9A 
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FIG. 10B 
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